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ABSTRACT
An Evaluation of Innovative Countermeasures for Pedestrian Safety
by
Vinay Vimpaksha

Dr. Shashi S. Nambisan, Research Advisor, Examination Committee Co-Chair
Adjunct Faculty, Department of Civil and Environmental Engineering
University of Nevada, Las Vegas
Dr. Edward S. Neumann, Academic Advisor, Examination Committee Co-Chair
Professor, Department of Civil and Environmental Engineering
University of Nevada, Las Vegas

The objective of this research was to evaluate the effectiveness of innovative
countermeasures deployed to help improve pedestrian safety and walkability. Potential
countermeasures evaluated in this research include: 1) a portable speed trailer, 2) a high
visibility crosswalks, 3) advance yield markings, 4) “yield here to pedestrians” signs, 5)
in-roadway knockdown signs, 6) danish offsets, 7) median refuges, 8) intelligent
transportation system (ITS) based automatic pedestrian detection device, 9) smart
lighting, 10) pedestrian activated flashing lights.
A before-and-after analysis strategy was be used to evaluate the selected
countermeasures. Measures o f effectiveness (MOEs) identified to evaluate the impacts o f

these countermeasures, include pedestrians’ and motorists’ behaviors. Data were
collected immediately prior to the installation of each countermeasure during AM and
PM peak periods and two weeks after the installation of each countermeasure. The results
iii
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were evaluated for their statistical significance.
Results from the analyses of the data showed that the installation of high visibility
crosswalk, advance yield markings, “yield here to pedestrians” signs, median refuge,
danish offset, in-roadway knockdown signs were effective in the following ways:
increase motorists’ yielding, diverted pedestrians, pedestrians who look for vehicles
before beginning to cross and before crossing second half of the street. These
countermeasures also resulted in fewer vehicles blocking the crosswalk, reducing average
pedestrian delay and decreasing the number of pedestrians trapped in the roadway. Also,
drivers yielded at greater distances upstream of the crosswalk. The average vehicle speed
was reduced upstream and downstream of the location of the portable speed trailer. The
installation of ITS based automatic pedestrian detection device and smart lighting
resulted in fewer pedestrians trapped in the roadway and increased driver yielding
behavior. The countermeasures at a mid-block location showed positive safety benefits in
motorists’ and pedestrians’ behaviors.
The improvements in MOEs for both motorists’ and pedestrians’ behaviors are
positive and statistically significant in most cases. The findings from this research may be
of value to other regions with similar characteristics.

IV
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CHAPTER 1

INTRODUCTION
The goal of the research is to evaluate the effectiveness of countermeasures to
enhance pedestrian safety. Chapter 1 briefly describes the motivation for the study, a
statement of the problem, the objectives of the study, and the list of countermeasures that
are deployed for evaluation.

1.1. Motivation
Traffic safety is a high priority not only in the United States (U.S.), but also
throughout the world. An estimated 1.2 million people are killed, and as many as 50
million people are injured, in road crashes annually worldwide [1]. These figures are
expected to increase by about 65 percent between 2000 and 2020 unless there is a new
commitment to prevention. It is estimated that by the year 2020, road traffic deaths will
decline about 30 percent in high-income countries, whereas they are expected to increase
substantially in low-income and middle-income countries [1]. Road injuries are the ninthleading contributor to the global burden of disease and injury in 1990, and it is predicted
to be the third contributor by 2020 [1]. According to the National Highway Traffic Safety

Administration (NHTSA), more than 42,600 people are killed in 2006 and about 2.6
million are injurëd in traffic-related crashes on the roads of the U.S. [2]. The 2005 Census
American Community Survey estimated 3,291,401 people used walking as their primary
1
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mode of travel for their journey to work each week. It is estimated that there are 56
million walking trips in the U.S. everyday (7.2% of all trips). One in ten U.S. households
does not own an automobile. One-third of the population is either too old or too young to
drive an automobile. NHTSA ranked Nevada as fifth in the nation in 2002 for its
pedestrian fatality rates, with 52 pedestrians killed. Forty-five of those deaths are in Clark
County where the Las Vegas metropolitan area is located. Further, in 2003 there are 48
pedestrian deaths in Clark County and almost 600 pedestrian injuries [3]. In Las Vegas,
often hostile drivers, illegible crosswalks and a car-centric culture are thought to turn
crossing the street into a game of dead man walking. Pedestrians are legitimate users of
the transportation system, and their needs should be identified routinely and appropriate
solutions have to be selected to improve pedestrian mobility and safety. Various
strategies offer potential to address these needs [3, 4, 5, 6]. Some of these include refuge
islands for pedestrians, Danish offsets, high visibility crosswalks, and advance yield
markings.
Road traffic injuries are major, but neglected, public health challenges that require
concerted efforts for effective and sustainable prevention. Of all the systems with which
people have to deal every day, road traffic systems are perhaps the most complex and the
most dangerous. Road-traffic safety countermeasures aim to reduce the harm (deaths,
injuries, and property damage) resulting from crashes of road vehicles traveling on public
roads. Harm from road-traffic crashes is greater than that from all other transportation
modes (air, sea, space, off-terrain, etc.) combined. Road-traffic crashes are one of the
world’s largest public health and injury prevention problems. According to the World
Health Organization (WHO) more than a million people are killed on the world’s roads
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each year. In traffic crashes, pedestrians are more vulnerable than travelers in motor
vehicles, and they are prone to more serious injury in crashes. There are 4,784 pedestrian
fatalities in the U.S. in 2006, compared to 4,901 fatalities in 2001. There are 61,000
pedestrians injured in traffic crashes in 2006 [7]. The annual pedestrian fatality and injury
data for the years from 1995 to 2006 are shown in Figure 1.

6 OOO
*

5 000

•n
u*
8

4 000

1

2.000

A

1 000

"Q
*

Î.OOO

, . , , f i i i i i
Year

(a) Pedestrian fatalities by year
100 000

■eJ

80.000
00.000

8
§

40.000

"2
20.000

Year

(b)

Pedestrian injuries by year

Figure 1.1. Pedestrian Fatalities and Injuries from 1995-2006 [9]
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Pedestrian fatalities account for more than 11 percent of fatalities but only 9 percent
of trips. On average, a pedestrian is killed in a traffic crash every 108 minutes, and one is
injured in a traffic crash every 8 minutes. Most pedestrian fatalities in 2005 occurred in
urban areas (74%), at non-intersection locations (80%), under normal weather conditions
(89%), and at night (67%). More than two-thirds (70%) of the pedestrians killed in 2005
are males. In 2005, in the U.S., the male pedestrian fatality rate per 100,000 population is
2.35, which is more than triple the rate for females (0.96 per 100,000 population). The
male pedestrian injury rate per 100,000 population is 26, compared with 17 for females
[8].

For the purpose of discussion, consider the following demographic groups: children
(aged less than 12 years), adolescents (aged from 13 to 17 years), adults (aged from 18 to
65 years), and seniors (aged more than 65 years). Young people and seniors are among
the most vulnerable road users, drivers as well as pedestrians. Road traffic injuries are the
leading cause of death among young people aged 10 to 24 years. Each year nearly
400,000 people under 25 years of age die on the world’s roads, an average of 1,049 a day
[10]. In 2004, young drivers between 15 and 20 years old account for 6.3 percent (12.5
million) of the total drivers in the U.S., a 6.2 percent increase from the 11.8 million
young drivers in 1994 [11, 12]. There are over 28 million older licensed drivers in 2004,
a 17 percent increase from 1994. In 2005, 12 percent of the total U.S. resident population
(over 36 million) are people 65 years of age and older. The population of people of age
65 and older is expected to double between 2000 and 2030 [11, 12]. The older population
is expected to account for about 25 percent of total driver fatalities by 2030 [13].
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1.2.

Problem Statement

The State of Nevada has experienced rapid population growth in last decade. The
pedestrian fatality rate in Nevada has been among the worst during the same period.
Based on pedestrian fatality rates, Nevada has been among the 10 worst states for
pedestrian safety since the early 1990s [14]. Pedestrian fatalities per 100,000 population
in Nevada and the U.S. from 1994 to 2003 are shown in Table 1. Nevada has been ranked
the first during the last 10 years as having the worst pedestrian safety in the U.S. Clark
County is the fastest-growing (in terms of population) county in Nevada and one of the
fastest-growing counties in the U.S. Clark County’s population has increased by more
than 85 percent from 1990 to 2000, and more than doubled from 1990 to 2003. These
population growth trends are shown in Table 2.

Table 1.1. Pedestrian Fatalities in Nevada and US from 1994 to 2003 [14]

Year
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

Pedestrian Faitality Rate
Per (100,000 Population)
U.S.
Nevada
2.11
3.71
2.12
3.93
4.26
2.05
1.99
3.52
2.64
1.93
1.81
3.70
1.69
2.13
1.72
2.15
1.68
2.40
1.63
2.90

Nevada’s
Ranking
4
5
1
4
6
1
10
7
6
3

Pedestrian
Fatalities
in Nevada
54
60
68
59
46
67
43
45
52
65
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Table 1.2. Population growth in Nevada and Clark County

Population
Year
Clark
County
1,201,833 741,459
1,998,257 1,375,765
2,495,529 1,777,539
Nevada

1990
2000
2006

Percent of
Nevada’s
Population in
Clark County
61.7
68.8
71.2

Percent Population
Growth from 1990
to 2000
Clark
Nevada
County
66.3

85.5

Percent Population
Growth from 1990
to 2006
Clark
Nevada
County
107.6

139.7

Nearly 70 percent of Nevada’s total population resides in Clark County. According to
the Southern Nevada Regional Planning Coalition (SNRPC), Clark County’s population
as of July 2006 is 1,777,539, which reflects a 29.2 percent growth over the population in
2000. It is estimated that the population of Clark County will be more than 6 million by
2025 [18]. The population in the Las Vegas metropolitan area includes the cities of Las
Vegas, North Las Vegas, Henderson, and urban Clark County. These areas accounts for
more than 98 percent of the total Clark County population. The Las Vegas statistical area
includes Clark, Nye, and Mojave counties. Table 3 depicts the population distribution of
the different jurisdictions within Clark County.

Table 1.3. Population of Clark County & cities in Clark County in 2006 [17]
Jurisdictions
City of Las Vegas
City of Henderson
City of North Las Vegas
City of Boulder City
City of Mesquite
Clark County

Populations
591,536
256,390
202,520
15,790
18,012
1,912,654
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An analysis of crash data that was previously performed is used to identify locations
within the Las Vegas metropolitan area with high pedestrian crash rates. Based on the
crash characteristics, various intelligent transportation systems (ITS) and other safety
engineering pedestrian safety countermeasures are identified for deployment at these
locations. The evaluation of some of these deployed countermeasures is the main focus of
this research.

1.3. Study Objectives
A number of strategies have been deployed and evaluated around the globe to
enhance pedestrian safety. Such strategies have seen limited applications in the U.S.
Thus, in this research, such countermeasures are deployed and evaluated at high crash
locations identified within the Las Vegas valley. A before-and-after evaluation strategy is
applied to judge
countermeasures

the effectiveness

in this

research

of these

are deployed

countermeasures.

Some

at high-risk locations.

of the
Other

countermeasures like pedestrian countdown signals, animated eyes are also deployed by
local agencies. An evaluation of these devices is also included in the scope of this
research. The effectiveness of the deployed countermeasures is evaluated in the Las
Vegas valley. The successful countermeasures would be appropriate for deployment
across the U.S. for similar traffic volume and site conditions throughout the U.S.

1.4.

Organization of the Thesis

A review of literature pertaining to evaluation of deployed strategies is summarized in
Chapter 2. A brief description of the problem identification, potential countermeasures.

7
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measures of effectiveness (MOEs), data requirements for the study, and statistical tests
used for analysis are discussed in Chapter 3. Descriptions of sites used to deploy
countermeasures, descriptions of the proposed countermeasures, and the procedures to
evaluate each countermeasure are presented in Chapter 4. The countermeasures for each
location and their deployment plan are also discussed in detail in Chapter 4. The analysis
of existing conditions at the study sites and results for evaluation of the countermeasures
are reported in Chapter 5. Results are presented for the countermeasures based on the
identified MOEs. The effectiveness of the countermeasures as interpreted from the MOEs
is discussed in Chapter 6. Recommendations for future research are also presented in
Chapter 6.
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CHAPTER 2

LITERATURE REVIEW
A summarized review of the literature on pedestrian safety is presented in this
chapter. It focuses primarily on documentation related to the effectiveness of
countermeasures. Some of the countermeasures cited in the literature are “Yield Here to
Pedestrians” signs, advance yield markings, restricting right turn on red, intelligent
transportation system (ITS) light emitting-diode (LED) animated eyes, and pedestrian
countdown timers. These countermeasures are categorized into different sections and
they are discussed next.

2.1. Advance Yield Markings, Stop Lines, Regulatory Signs, Pedestrian Countdown
Signals, and Yield Signs
Van Houten and Malenfant (1992) evaluated the effectiveness of signs reading
“STOP HERE FOR PEDESTRIANS” alone 50 feet upstream of crosswalk and in
conjunction with advance stop lines at multilane crosswalks with pedestrian activated
amber flashing lights [19]. The type of motor vehicle conflicts, distance the motorists
stopped upstream of the crosswalk when yielding to pedestrians, and the percentage of
motorists yielding to pedestrians are determined from field observations. Results
indicated that signs alone increased the distance that motorists stopped upstream of the
crosswalk when yielding to pedestrians and also decreased the percentage of motor
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vehicle-pedestrian conflicts. The addition of advance stop lines produced a further
increase in the distance that motorists stopped upstream of the crosswalk and further
reductions in the percentage of motor-vehicle conflicts. These results are observed under
conditions when pedestrians activated and did not activate the amber flashing Crosswalk
light. It is also observed that the percentage of pedestrians activating the light seemed to
be a function of the amount of traffic on the street.
Van Houten, Malenfant and McCusker (2001) studied two problems; the difference
between the ‘yield’ and ‘stop’ situation while using the advance stop lines, and the use of
text rather than symbol sign to support the markings [20]. The advance yield markings
and signs are placed at different distances in advance of the crosswalks to determine their
effectiveness. Motorist and pedestrian behaviors measured included the occurrence of
motor vehicle/pedestrian conflicts such as evasive action, the distance motorists stopped
before the crosswalk when yielding to pedestrians, and the percentage of motorists
yielding to pedestrians. It is found that placing the advance yield markings and signs as
close as 10 m upstream the crosswalk and as far back as 15 m or even 25 m in advance of
the crosswalk is effective. Although not all vehicles stopped at or near the yield lines,
many motorists stopped 9 m or more upstream the crosswalk. It is noted that motorists
tended to stop closer to the crosswalk during the treatment condition when traffic is
heavy and vehicles are traveling slowly. Much of the improved yielding is likely the
result of improved visibility of pedestrians crossing in front of vehicles stopped in
advance of the crosswalk.
Van Houten (1998) studied the effect of specific signs and stop line bars designed to
influence motorists to stop further upstream from the crosswalk when yielding right of
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way to pedestrians [21]. Results indicated that such a simple, inexpensive prompting
intervention could reduce conflicts between motorists and pedestrians. The introduction
of the prompt and stop line reduced motor-vehicle-pedestrian conflicts by almost 80%.
Huybers, Van Houten and Malenfant (2004) studied the effects of a symbolic “ yield
here to pedestrians” sign and advance yield pavement markings on pedestrian/motor
vehicle conflicts, motorists’ yielding behavior, and the distance motorists’ yield in
advance of crosswalks at multilane crosswalks at uncontrolled T intersections [22]. When
the sign symbolic is used alone, there is a reduction in pedestrian/motor vehicle conflicts
and increased motorist yielding distance. The use of fluorescent yellow-green sheeting as
the background of the sign did not increase the effectiveness of the sign. Further
reductions in pedestrian/motor vehicle conflicts and further increases in yielding distance
are associated with the addition of advance yield pavement markings. Advance yield
pavement markings, when used alone, are as effective in reducing pedestrian/motor
vehicle conflicts and increasing yielding distance as the sign combined with pavement
markings.
Retting, Van Houten, Malenfant, Van Houten and Farmer (1996) discussed an
experiment in which special signs and pavement markings are used to prompt pedestrians
to look for turning vehicles [23]. Three signalized intersections are chosen, two in Nova
Scotia, Canada, and one in Clearwater, Florida for the study. All sites are studied before,
immediately after, and approximately one year after prompts are introduced. At Nova
Scotia, signs which says “Pedestrians: LOOK FOR TURNING VEHICLES” are installed
at one site and painted prompts that read “WATCH TURNING VEHICLES ” are installed
at the second site. After observations are recorded, painted prompts are added to the signs
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and vice versa. At Clearwater, signs and painted prompts are installed together. The
introduction of either sign or painted prompts alone increased the percentage of
pedestrians looking for turning vehicles. With the introduction of second prompt, a
further improvement in the percentage of pedestrians looking for vehicles is observed.
Introduction of both prompts together led to a large increase in the percentage of
pedestrians looking for vehicles. It is also noted that the conflicts are nearly eliminated by
the prompting interventions.
Van Houten, Malenfant, Van Houten, and Retting (1997) evaluated auditory
pedestrian signals and their effect in reducing vehicle and pedestrian conflicts [24]. The
percentage of pedestrians not looking for potential threats and conflicts are reduced after
the implementation of an auditory signal.
Turner, Fitzpatrick, Brewer and Park (2006) evaluated engineering treatments that
can be used to improve the safety of pedestrians crossing in marked crosswalks on busy
arterials [25]. They also discussed the analysis of street and traffic characteristics that
influenced motorist yielding at un signalized intersections. The devices that showed red
indication to the motorist had a more significant compliance rate than the devices that did
not show a red indication. The measured motorist yielding distance for many crossing
treatments varied considerably among sites. A statistical analysis did not find any
significant differences between many of the crossing treatments even though the
difference in average compliance rates appeared to be practically significant. The number
of lanes crossed by the pedestrians and the posted speed limit had an effect on the
performance of treatments.
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Huang, Zegeer, and Nassi (2000) studied a behavioral evaluation of three devices at a
eleven locations under different conditions [26]. Pedestrian safety cones in New York
and an overhead crosswalk sign in Seattle appeared to be promising tools for enhancing
pedestrian safety at midblock crosswalks on low-speed two-lane roads. The pedestrianactivated signs in Tucson are not as effective in increasing compliance with other devices
as they are installed on four and six-lane high speed arterials. None of the treatments had
a clear effect on whether people crossed in the crosswalk. The devices by themselves did
not ensure that motorists will slow down and yield to pedestrians.
Eccles, TaOj and Mangum (2004) evaluated the pedestrian countdown signals in
Montgomery County, Maryland [27]. A “Before and after” study technique is used to
evaluate motorists’ and pedestrians’ behavior and vehicle speed. The results revealed a
significant positive effect on pedestrian behavior and did not have any negative effect on
motorist behavior. No effect on vehicle approach speed is observed due to the presence of
countdown signals while vehicles entered intersections during clearance intervals [27].
The presence of pedestrian countdown signals caused more pedestrians to enter the
crosswalk during the flashing DON’T WALK phase. A larger proportion of pedestrians
completed crossing on the flashing DON’T WALK. This, in turn, reduces the chance of
more pedestrians completing the crossing maneuver before DON’T WALK [28]. The
pre- and post-installation research showed that an addition informational, a numerical
descending countdown timer during the flashing DON’T WALK clearance interval, is
intuitively understood and used successfully by pedestrians. Pedestrians of over the age
of 16 well understood countdown pedestrian indication and used the information
appropriately [29].
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Retting, Nitzburg, Farmer, and Knoblauch (2002) reported finding from a field
evaluation of two methods for restricting right turn on red (RTOR) to promote pedestrian
safety. The implementation of signs prohibiting RTOR during specified hours yields
better results than signs giving drivers discretion to determine whether pedestrians are
present [30].
Hakkert, Gitelman, and Ben-Shabat (2002) conducted a study on crosswalk warning
systems. Vehicle speeds about 30 m upstream of the crosswalk and near the crosswalk
are measured. Drivers’ yielding behavior to pedestrians is considered in three situations:
when a pedestrian is on the sidewalk; when a pedestrian is on the road at the beginning of
crosswalk on crossing maneuver; and when a pedestrian is in the middle of crosswalk on
a crossing maneuver. Pedestrians crossing within 5 to 30 m of crosswalk are counted.
Conflict rates of vehicles and pedestrians are reduced significantly to less than 1 percent.
A reduction to 10 percent in the proportion of pedestrians crossing outside the crosswalk
is observed [31].
Lobb, Harre, and Terry (2003) conducted a before and after evaluation of
interventions designed to reduce illegal and unsafe crossing of a rail corridor. Target
subjects are boys, crossing on their way to and from a high school adjacent to a city
station in Auckland, New Zealand. Four interventions, communications, education,
continuous punishment, and intermittent punishment are deployed. The after study
showed that all of the deployed interventions significantly decreased the percentage of
unsafe crossings [32].
Nasar (2003) conducted a study to evaluate the effectiveness of written signs with
social assistance to increase the proportion of drivers stopping for pedestrians in
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crosswalks. The written signs with social assistance are “Thank you for stopping”
“Please stop next time.” If the driver stopped, the pedestrian crosser held up a green
“Thank you for stopping” signs to drivers. If the driver did not stop, a confederate held up
a pink “Please stop next time.” In weeks 1 and 3, baseline data on the proportion of
drivers stopping for pedestrians at two sites are obtained. In week 2, the stopping
behavior of motorists is observed with social assistance signs. An ABA reversal design is
used to evaluate the effectiveness of strategies. The analysis showed a significant
increase in stopping behavior of drivers during the treatment condition (50.9 percent)
from the baseline conditions (46 percent and 37.3 percent) [33].

2.2. High Visibility Crosswalk, Traffic Calming, and Other Devices
Nitzburg and Knoblauch (2001) conducted a study to evaluate high-visibility ladder
style crosswalk with illuminated overhead crosswalk sign treatment in low volume and
low speed unsignalized intersections in Clearwater, Florida. Traffic volumes, traffic gaps,
and drivers’ and pedestrians’ behavior at control sites and experimental sites are
observed. Yielding behavior of drivers in daytime at first half, second half, and both
halves of crossing are found is statistically better in experimental sites as compared to
comparison sites [34].
Huang and Cynecki (2000) evaluated the effectiveness of various traffic calming
treatments on pedestrian and motorist behavior at different locations. The treatments
included bulbouts, raised intersection, and refuge island. Before and after data are
collected and analyzed for their statistical significance. It is found that the raised
intersections and refuge islands are likely to direct more pedestrians to cross within the
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crosswalk. At most other sites, traffic calming devices did not appear to have significant
effects on pedestrians. The bulbouts in Seattle are associated with increased wait times
and a lower percentage of those who crossed in the crosswalk, both undesirable effects
from a pedestrian standpoint. These devices by themselves neither ensured that motorists
will slow down and yield to pedestrians, nor those pedestrians will cross in the crosswalk.
Sometimes these treatments hindered the activities such as street cleaning and
snowplowing, impeding emergency vehicle access, and might affect drainage. In
addition, the noise of vehicles going over speed humps, raised crosswalks, or raised
intersections might disturb nearby residents [35].
Lalani (2001) discussed comprehensive information about the effectiveness of
various treatments for pedestrian safety. The information is gathered from different
sources including experts, internet surveys and references throughout the world. Based on
the information reviewed, it is found that marked crosswalks at uncontrolled locations on
higher-volume, multilane facilities using traditional treatments leads to higher pedestrianrelated collision rates than at unmarked crosswalks on similar facilities. Installing marked
crosswalks, especially at uncontrolled locations, by striping two lines across the roadway
and posting a single sign in advance of and at the crossing did not improve pedestrian
safety. A variety of low-cost signing and striping techniques are currently being used to
improve the safety. A number of higher-cost geometric design features, such as curb
extensions and pedestrian refuge islands are used to improve the safety of marked
crosswalks. Some studies indicated that removing uncontrolled marked crosswalks from
higher-volume, multilane facilities at some locations showed reductions in the rate of
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pedestrian related collisions. It is also suggested that different intelligent transportation
systems based techniques could be employed for improving pedestrian safety [36].
Abdulsattar, Tarawneh, McCoy, and Kachman (1996) evaluated the effectiveness of
the “turning traffic must yield to pedestrians” sign. Such signs are installed at 12 marked
crosswalks and data are collected before and after the installation of the signs. The
measure of effectiveness considered is vehicle-pedestrian conflicts. The results showed
that the sign is effective in reducing left-tum conflicts by 20 to 65 percent, and right-tum
conflicts by 15 to 30 percent. Both reductions are statistically significant at the 0.05 level
[37].
Abdulsattar and McCoy (1999) conducted drivers’ comprehension of a “turning
traffic must yield to pedestrians” sign among different age groups during turning
maneuvers. For the left-tum situation, younger drivers (under 56 years) paid more
attention to the sign than older drivers. During right-tum movements, drivers and
pedestrians always are in interaction, unless exclusive right-tum phase is provided.
However, this research lacks info on other measures of effectiveness such as motorists’
yielding behaviors, pedestrian and vehicular delay, and vehicle speed [38].
Sisiopiku and Akin (2003) stated that marked midblock crosswalks are attractive
crossing locations for pedestrian users. Approximately 83 percent of survey respondents
indicated that the presence of midblock crossings influenced their decision to cross at the
specific location and over 71 percent of pedestrians crossed properly at such crossings.
The study also concluded that, though signalized crossings attract pedestrians crossing
points, they are not always effective in protecting pedestrians from interactions with
moving traffic [39].
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Zegeer, Stewart, Huang and Lagerway (2002) studied five years of pedestrian crashes
at 1,000 marked crosswalks and 1,000 matched unmarked comparison sites at
uncontrolled locations. The study revealed no difference in pedestrian crash rate on twolane roads or multi-lane roads with traffic volumes above 12,000 vehicles per day. Raised
medians provided significantly lower pedestrian crash rates on multi-lane roads,
compared to roads with no raised median [40].
Miller (2000) stated that marked locations are not safer than unmarked locations for
any similar traffic volumes range. Raised medians and new treatments such as actuated
warning systems may improve safety at marked locations [41].
ITE (2002) stated that providing crosswalks at uncontrolled locations resulted in
increased pedestrian collisions compared with not providing marked crosswalks on
multilane roads and roads with average daily volumes of 10,000 or more vehicles per
day. On roads with one-lane in each direction and less than 10,000 vehicles per day, the
study found no difference in pedestrian collisions between marked crosswalks and
unmarked crosswalks [42].

2.3.

Speeding, Speed Trailer and Crossing Behavior

Speeding is attributed to thousands of crashes in work zones each year leading to
numerous fatalities and injuries. Sizeable portion of these crashes due to excessive speed
emphasizes the need to motivate drivers to comply with speed limits especially in work
zones. Studies have shown that most drivers do not slow down in response to the standard
regulatory or advisory speed signs that are customarily used to regulate speeds at
temporary traffic control zones (work zones) [43]. Research conducted to determine
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effectiveness of speed trailer to motivate and encourage drivers to observe posted speed
limits in work zones indicated that devices with the ability to display drivers' speeds have
considerable potential for reducing speeds and improving compliance [43-47], A study in
Netherlands showed that local automatic speed warning at an urban intersection reduced
the mean speed by 5 km/hr [48]. Also, on a two-lane rural road, the percentage of
speeders decreased from 40 to 10 percent. The total number of crashes is reduced by 35
percent. This effect is almost the same three years after concluding the experiment [48].
One case study showed that the efficacy of using radar as a speed reduction strategy is a
function of congestion and radar detector density, with the strategy being most effective
for volumes levels between 200 and 1,400 vehicles per hour per lane [49]. However, one
of the researchers found that speed trailer did not influence the speed of the fastest 15
percent of the speeding vehicles. Also, it did not affect the heavy vehicle speeds [50].
Even though it is observed by some of the investigators that increasing the speed limit
reduces the crash rate [51-56], the severity of a pedestrian-related-vehicle-crash
dramatically increases with the increase in speed [57, 58]. Newton's laws dictate that a
doubling in vehicle speed results in a stopping distance four times as long and four times
as much kinetic energy absorbed during an impact. Higher driver response times further
increase stopping distances. As a result, a small increase in roadway traffic speeds results
in a disproportionately large increase in pedestrian fatalities.
According to the studies conducted by two different agencies, the probability of a
pedestrian fatality increases at an alarming rate i.e., from 5 percent to 40 percent when
the speed at impact with a pedestrian increases from 20 to 30 mph and to about 85
percent for a speed of 40 mph [59, 60]. These data showed that the likelihood of a
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pedestrian fatality increases in a nonlinear fashion, much faster than the percentage
increase in vehicle speed. Hence, speed control plays an important role in the improving
pedestrian safety of a region. Traffic calming uses geometric changes to influence travel
speed and to perhaps cause drivers to select another route for travel. It is intended to
restore local streets to their intended function, thus providing a more livable environment
for residents. In most cases, problems on local streets are caused by through traffic,
speeding, and/or noise. Speed management goes a step beyond traffic calming by also
looking at higher speed facilities, including collectors and arterials. Many of the typical
traffic calming techniques used in residential areas to control volume and speed would be
difficult to implement on these roadways. However, other techniques need only
modifications or a different approach to be effective. The most frequently used
techniques on collectors and arterials are:
•

Increased enforcement

•

Flashing beacons

•

Speed limit signing

•

Speed trailers, and

•

Rumble strips

Speed or radar trailers are mobile roadside devices that use radar to measure the speed
of approaching vehicles and display the speed to passing drivers in an effort to decrease
speed [61]. The portable units show the posted speed limit of the roadway and display the
current speed of the approaching vehicle. Speed trailers have been used as an
enforcement tool in some areas when police officers enforce the speeds. However, they
are mainly used as a public relations measure to inform motorists of their speeds with the
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assumption that the speeding motorists would voluntarily reduce their speed. Speed
trailers are also used for automated enforcement in a few states, where speeds and license
plate numbers are recorded by hidden cameras and citations are issued by the local law
enforcement agency. Equipment to collect traffic volumes may also be used within the
speed trailer.
A study conducted by Brown (1992) on concentrated police enforcement had shown
to positively influence driver behavior, but is difficult to apply to rural contexts. Signs of
police enforcement in high crash-risk areas are placed in two rural locations in South
Australia. The effects of these signs on vehicle speed are evaluated by conducting radar
surveys of mean speeds on the approaches to, and exits from, the sign locations before
and after their erection. A minor speed reduction on the exit from one of the signs is
observed, but this is not observed in the speeds of the fastest 15 percent of vehicles. This
suggested that the highest risk group of speeders is not affected by the signs. The signs
did not affect heavy vehicle speeds. It is not considered likely that the signs had a
substantial effect on road safety in mral areas [50].
The literature reports limited research on pedestrians’ crossing behavior. However,
several references are found on the motorists’ perspective and their yielding behavior to
pedestrians. Field observations revealed that pedestrians not using the crosswalk,
motorists not yielding to pedestrians, and pedestrians not waiting for acceptable gaps lead
to serious safety concerns [62]. Drivers blame pedestrians both for behaving erratically
and for failing to use designated crossing area [63]. Pedestrian safety improvements
include making pedestrians aware of safe behavior, making drivers aware of the presence
of pedestrians, and getting engineers and planners to think of accommodating pedestrians
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and consider safety aspect in highway and transportation facility design. Redmon (2003)
found that all pedestrians in a survey indicated concern about their being hit by a car.
About 18 percent of all midblock pedestrian crashes occurred at about 150 ft away from
an intersection.
Several respondents referred to the poor conditions of sidewalks. Some pedestrians
complained of not having adequate time to cross the street before the WALK signal
changes. A significantly lower potential for conflict is observed if pedestrians cross at an
intersection instead of crossing at midblock locations [64]. An observational study of
pedestrians’ behaviors at various urban crosswalks and a pedestrian user survey showed
that the crosswalk location relative to the origin and destination of a pedestrian is the
most influential decision factor for pedestrians choosing to cross at a designated location
[39]. Pedestrians’ not looking for vehicle turning movement and resultant conflict could
be reduced by implementing animated eyes in LED pedestrian signal [65].

2.4. Median Refuge/Refuge Island, Danish Offset
The literature includes documents on the effectiveness of crossing refuge islands as
relatively inexpensive devices to protect pedestrians. Pedestrian refuges or crossing
islands are raised islands in the center of roadways, allowing pedestrians to cross one half
of the street, with a safe place to stop before crossing to the other side of the street. They
are typically constructed at marked crosswalks, either at a mid-block location or at an
intersection. The crossing islands are best employed when traffic volumes result in few
gaps for pedestrians to safely cross the entire street at one shot. Also, they can be
deployed when there is little demand to make left turns, and the roadway is particularly
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wide. A series of studies on the effect of traffic calming measures in six German cities
concluded that, “the modification of streets has proven to be more effective than reducing
the speed limit. The weaker road users children, pedestrians, and cyclists benefited more
from the measures” [66].
Pedestrian refuge islands are particularly suitable for wide two-way streets with four
or more lanes of moving traffic traveling at higher speeds. They are particularly useful to
persons with mobility disabilities, very old or very young pedestrians who walk at slower
speeds, and persons who are in wheelchairs. Wheelchair users need adequate width and
level areas for waiting on the refuge. Split Pedestrian Cross-Overs or Danish Offsets are
laid out in a staggered configuration at uncontrolled or signalized intersections, requiring
pedestrians to walk toward traffic to reach the second half of the crosswalk. These are
useful at skewed intersections. It enables pedestrians to focus on crossing each direction
of traffic separately and provides a “refuge” in the middle of the street. By requiring
pedestrians to walk facing oncoming traffic, the refuge provides them a better view of
oncoming traffic and allows drivers to clearly see pedestrians. Previous studies on
pedestrian refuge islands found significance effect of this countermeasure on motorist
and pedestrian behavior [35, 36, 67]. The literatures provide evidence that the drivers are
more likely to yield at high-visibility crosswalk, and advance yield marking locations.
Bergman, Gray, Moffat, Simpson, and Rivara (2002) conducted a study on inducing
city authorities to apply for state funds for creating a model pedestrian refuge in their
communities. Ten demonstration sites are funded, seven of them are built or are under
constraction. There is no guarantee, however, that the presence of the model refuges
would lead to community-wide application of these safety enhancements. First, progress
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in pedestrian safety occurred in small steps. Limited and realistic goals had to be set. The
work group is able to meet all the goals established at the outset of the project. Second,
the importance of bringing decision makers into the process early and providing them
with regular updates is reinforced. Third, media coverage is critical to raising the
awareness of public officials. An emotional link is created between the public and the
families of trauma victims. Centering kick-off on the events surrounding the death of a
child gave the campaign vital energy. The knowledge and energy mobilized by these
individuals are needed to continue working with the local engineering staff as the
pedestrian safety measures are designed for construction [67].

2.5.

ITS Signals including LED Animated Eyes

Van Houten and Malenfant (2001) conducted a study on an ITS animated LED signal
designed to alert drivers to the presence of pedestrians crossing in front of them at the
exit to an indoor parking garage and a midblock-crosswalk location. Data are collected on
each of 25 drivers per daily session at the parking-garage exit and two sets of 20
pedestrians and at least as many drivers during each daily session of the experiment. The
study demonstrated that the introduction of the ITS signs are associated with an increase
in the percentage of motorists yielding to pedestrians at both the garage exit and
midblock crosswalk locations, and the eyes produced a significantly larger increase than
the flashing beacon at the midblock crossing. Although conflicts are lower when the ITS
signal is in place, the number of conflicts occurring during the baseline condition are not
significantly high enough to detect an effect. At the midblock site, both the ITS signal
and the yellow beacon are associated with a reduction in the percentage of pedestrians
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stranded in the center of the road, and the number of conflicts. The ITS ‘eyes’ display
produced a significantly larger increase in the percentage of drivers yielding to
pedestrians than the flashing beacon even though both devices only operated when a
pedestrian is crossing the street. Specifically, the pedestrian icon showed the direction of
the pedestrian who is crossing the street, and the searching ‘eyes’ display provided a
specific request of the drivers to look for the pedestrian. Analysis of the data revealed that
the ITS eyes display is inherently understood by drivers and produced a significant
increase in yielding behavior and a reduction in conflicts [68].
Van Houten, Malenfant, Van Houten and Andrus (1999) evaluated the effectiveness of
animated eyes display as a possible countermeasure at an indoor parking garage exit. The
analysis of the study indicated an increase in the number of motorists who look for
pedestrians in either direction leaving the garage exit. The increase is maintained three
months after the animated eyes are introduced. The use of large electronic displays
offered several advantages over incandescent light, including low power requirements
and low cost. The use of animated EYES displays directed at drivers might prove a
helpful tool in reducing the crashes. The study demonstrated that animated eyes also can
increase motorist observing behavior [69].
Carsten, Sherborne, and Rothengatter (1998) evaluated innovative pedestrian
signalized crossings as a part of DRIVE II project VRU-TOO (Vulnerable Road User
Traffic Observation and Optimization). Signals are designed to make timings more
responsive to pedestrian needs, i.e., to affect signal timings. As a part of innovative
signalized pedestrian crossings, microwave detectors are mounted on traffic signals to
register the approach of pedestrians. Microwave detection can be applied to replace the
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normal push-button on signalized pedestrian crossings, provide an earlier activation of
the pedestrian phase, provide an extension of the pedestrian phase for late arrivals, and
provide longer pedestrian phases when there are large numbers of pedestrians. These
signals are installed in three European countries. The site one.is in Leeds, England, and
flows are up to 6,000 pedestrians an hour. The other two sites, one in Portugal and the
other in Greece, had comparatively lower pedestrian flows. Some of the criteria used for
evaluation are pedestrian-to-vehicle conflicts, percentage of pedestrians arriving on red
who violated the red light (especially the percentage violating red when motorists had
green), pedestrian comfort, and the number of encounters between pedestrians and
vehicles (an encounter is defined as an interaction between a pedestrian and a vehicle
where one needs to change course or speed due to others behavior). They found that
pedestrian-to-vehicle conflicts are reduced in the after studies in most of the sites.
However, the reduction in conflict in all of the sites is not statistically significant. At site
two in Leeds, conflicts are also analyzed in relation to pedestrian flow. The conflict to
flow ratio decreased from 1:2,034 in the before study to 1:2,300 in the after study. There
is a reduction in the proportion of pedestrians who experienced long waiting times (>30
seconds). Mean queue length decreased at all three sites in Leeds. However, maximum
queue lengths went up at two sites [70].
Van Houten, Retting, Van Houten, Farmer and Malenfant (1999) conducted a study
on LED pedestrian signal that provided a good deal of evidence on pedestrians who did
not consistently look for turning vehicles traveling on an intersecting path. A practical
way to get pedestrians to look for turning vehicles at intersections as part of the
pedestrian signal is presented. This is accomplished by employing a LED pedestrian
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signal head and adding animated eyes that could scan from side to side at the start of the
WALK indication. Results showed the decrease in the percentage of pedestrians not
looking for turning vehicles associated with a large reduction in motor vehicle-pedestrian
conflicts. The changes are sustained over six months suggested that there are not merely
novelty effects. The animated eyes display could serve to prompt pedestrians to look for
vehicles clearing on the previous yellow at an intersection with little or no red clearance
or a vehicle that illegally entered the intersection during the red phase [65].
Van Houten, Healy, Malenfant, and Retting (1998) evaluated two strategies for
increasing the percentage of motorists yielding to pedestrians at crosswalks with
pedestrian activated flashing beacons. These two strategies are: a) an illuminated sign
with the standard pedestrian symbol next to the beacons, and b) signs 50 m upstream of
the crosswalk that displayed the pedestrian symbol and requested motorists to yield when
the beacons are flashing. The aim of the study is to evaluate the effect of the two
strategies when employed alone and together on yielding behavior of motorists, and
vehicle and pedestrian conflicts. A combination of the two interventions increased the
yielding behavior of motorists and reduced vehicle pedestrian conflicts. It may be
possible to produce similar results by installing an advance stop line with a sign
requesting that motorists stop at the line [71].

2.6. Automated Pedestrian Detection device
In the United Kingdom, Puffin (Pedestrian User-Friendly INtelligent) crossings
respond to pedestrian demand and do not delay traffic unnecessarily when no pedestrians
are present [72]. Pedestrian presence is sensed either by use of a pressure-sensitive mat or
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by an infrared detector mounted above the crossing location. Pressure on the mat is used
both for initial detection as well as to confirm that the pedestrian has not departed the
crossing zone before the Walk signal appears. If the pedestrian departs the crossing zone
prior to the appearance of the Walk signal, the call will be canceled.
Puffin crossings may also utilize an additional sensor to detect the continued presence
of pedestrians in the crosswalk, thereby allowing the signal phase to be extended for
those requiring additional time to cross. The conversion of a standard signal to a Puffin
crossing in Victoria, Australia, reduced by 10 percent the number of pedestrians who
started to cross before the pedestrian Walk signal is presented [73]. Similar results are
reported in Vaxjo, Sweden [74]. The Swedish results also showed that the number of
vehicle-pedestrian conflicts decreased after the microwave detectors are in place.
The Dutch PUSSYCATS (Pedestrian Urban Safety System and Comfort At Traffic
Signals) system consists of a pressure-sensitive mat to detect pedestrians waiting to cross,
infrared sensors to detect pedestrians within the crossing, and a near-side pedestrian
display [75]. Although pedestrians perceived PUSSYCATS to be at least as safe as the
old system, many pedestrians reported that they did not understand the function of the
mat. As many as half of all pedestrians refuse to use the system. Similar applications are
being used in the United Kingdom and France [76].

2.7. Summary
Various research efforts have reported on the evaluation of the pedestrian safety
countermeasures. Countermeasures evaluated include “smart lighting,” “pedestrian
countdown signals,’ “portable speed trailers,” “turning traffic must yield to pedestrians

28

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

signs,” “in-roadway knockdown signs,” “high visibility crosswalks,” “warning signs for
motorists,” “regulatory signs for motorists,’ and “advance yield markings.” However, the
literature review identified a need to improve on systematic evaluation of the
countermeasures. Identifying potential MOEs for safety countermeasures and evaluating
the effectiveness of key countermeasures in a systematic way is the main focus of this
research.
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CHAPTER 3

METHODOLOGY
Pedestrians are very vulnerable users of the road network. Therefore, they need to be
considered while addressing safety of a road segment. The main objective of this study is
to evaluate the effectiveness of various countermeasures to enhance safety of pedestrians
on the roads. In this chapter, key problem characteristics and potential countermeasures
to address pedestrian safety are discussed briefly. Measures of effectiveness to evaluate
each of these countermeasures and evaluation strategies for the different safety devices
are also discussed in this chapter.

3.1.

Identify Problem Characteristics

Many of the pedestrian safety issues are related to pedestrian behavior, whereas some
others are related to driving behavior of motorists. Some of the key pedestrian safety
concerns are listed below [77]:
i.
ii.

Pedestrians not using crosswalks
Inconspicuous crosswalks

iii.

Pedestrians trapped in the roadway while crossing

iv.

A high percentage of elderly pedestrians involved in crashes

V.

vi.

Inconspicuous pedestrian signals due to wide streets
Motorists not yielding to pedestrians
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vii.

Pedestrians not waiting for signals or acceptable gaps before crossing

viii.

Conflicts between motorists and pedestrians

ix.
X.

Vehicle speeding problems, and
High percent of nighttime crashes.

3.2.

Identify Potential Countermeasures

Since the countermeasures address the safety of pedestrians on the road, most of these
focus on changing pedestrian walking behavior. However, some others are also aimed at
changing driving behavior of motorists. The selected countermeasures are intended to
address the identified safety problems. Some of the potential countermeasures chosen are
as follows [77]:
i.

High visibility crosswalk: The installation of “High visibility crosswalk” is expected
to increase pedestrian crosswalk usage, conspicuity, usage, motorists’ yielding, and to
decrease pedestrian-vehicle conflicts.

ii.

Median refuge/pedestrian refuge islands: The “Median refuge” is intended to address
following problems: pedestrians trapped in the middle of the roadway, pedestrians
who do not wait for acceptable gaps, motorists’ failure to yield, and to reduce
pedestrian delay.

iii.

Danish offset: The “Danish offset” is expected to address problems such as
pedestrians trapped in the roadway while crossing, pedestrian-vehicle conflicts,
motorists failure to yield, pedestrian who do not wait for acceptable gaps, and
pedestrian delay.
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iv.

Pedestrian activated flashing yellow: Deployment of this signal is expected to
decrease motorists’ failure to yield and to reduce vehicle speeds.

V.

Advance yield markings: The installation of “Advance yield markings” is expected to
increase motorists’ yielding behavior.

vi.

Warning signs for motorists: This sign is intended to address motorists’ failure to
yield, and to reduce conflicts between pedestrians and vehicles.

vii.

In-roadway knockdown signs: Problems to be addressed by installing “In-roadway
knockdown signs” are motorists failing to yield, pedestrians not using the crosswalk,
and pedestrians trapped in the middle of the street while crossing.

viii.

Regulatory signs for motorists: The “Regulatory signs for motorists” are intended to
address motorists’ failure to yield and conflicts between pedestrians and vehicles.

ix.

Portable speed trailer: Some of the targeted problems to be addressed by installing
“Portable speed trailers” are speeding and motorists’ failure to yield to pedestrians.

X.

Pedestrian countdown signals: Some of the problems to be addressed by deploying
“Pedestrian countdown signals” are pedestrians trapped in the middle of the street
while crossing and pedestrians who do not wait for signals. Animated eyes can also
be installed on top of the pedestrian countdown signals to alert pedestrians to look for
turning vehicles.

xi.

Call buttons that confirm press: The “Call buttons that confirm press” reminds
pedestrians to push the button while waiting before crossing, reduces pedestrian
signal violations, pedestrian-vehicle conflicts, and pedestrian delay.
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xii.

Intelligent transportation systems (ITS) no right turn on red (RTOR): Some of the
problems to be addressed by deploying ITS no RTOR signs are motorists’ failure to
yield, and conflicts between pedestrians and right turning vehicles.

xiii.

ITS automatic pedestrian detection devices: The “ITS automatic pedestrian detection
devices” could help, to detect the presence of pedestrians, reduce pedestrians who do
not wait for signals, to reduce pedestrian-vehicle conflicts, and also to reduce
pedestrians not crossing with acceptable gaps in traffic.

xiv.

Smart lighting: Some of problems to be solved by the installation of “Smart lighting”
are the high percentage of elderly pedestrians involved in crashes, motorists’ failure
to yield, and a high percentage of nighttime crashes.
The detailed description, figures and the anticipated benefits of all the aforementioned
countermeasures are discussed in Chapter 4.

3.3.

Identify Measures of Effectiveness

Crashes are an appropriate measure of effectiveness (MOE) for safety evaluation and
effectiveness of any installed countermeasures to be evaluated. However, since the
occurrence of crashes is relatively rare, data need to be gathered over a long period of
time to obtain crash data required for a valid study. Therefore, surrogate MOEs could be
identified to evaluate the effectiveness of countermeasures. The data used to derive the
surrogate MOEs are discussed in this section. As discussed earlier, some of these MOEs
are intended to quantify motorists’ behavior, some others for pedestrians’ behavior, and
some of them are intended to quantify the behavior of both motorists and pedestrians. A
list of MOEs used to quantify motorists’ and pedestrians’ behavior to evaluate the
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effectiveness of countermeasures is shown in Table 3.1. A detailed explanation of these
MOEs is presented in the data collection section.

Table 3.4. List of MOEs to quantify Motorists’ and Pedestrians’ behavior
Targeted behavior

Measures of Effectiveness

Pedestrian

1. Percentage of pedestrians who look for vehicles
before beginning to cross
2. Percentage of pedestrians who look for vehicles
before crossing 2"*^ half of street
3. Percentage of captured pedestrians
4. Percentage of diverted pedestrians
5. Percentage of pedestrians who were trapped in the
roadway
6. Percentage of pedestrians who violated signal
(crossing during DON’T WALK phase)
7. Percentage of signal cycles in which call button
has been pushed
8. Percentage of pedestrians who begin their crossing
during WALK phase
9. Percentage of pedestrians who were in the
crosswalk at the end of flashing DON’T WALK
10. Percentage of pedestrians who were in the
crosswalk at the end of all-red

Motorist

X
X
X
X
X
X
X
X
X
X

11. Percentage of drivers who yielded to pedestrians

X

12. Yielding distance to pedestrians by motorists

X

13. Percentage of vehicles that blocked the crosswalk

X

14. Pedestrian delay
15. Vehicular delay at intersections/midblock crossing

X
X
X

16. Vehicle speed
17. Percentage of pedestrians/vehicles evasive action

3.4.

X

X

Deploy Countermeasures

In order to address the safety concerns, appropriate countermeasures are deployed at
various sites. The existing condition/baseline data are collected before implementing any
34
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of the proposed countermeasures. Data are collected after implementation of each
countermeasure. Some of the countermeasures are evaluated independently and others in
a group. A minimum time period of two weeks is provided between implementation of
countermeasures and corresponding data collection. This is to reduce novelty effects of
the implemented countermeasures. Qualitative and quantitative analyses are used to
evaluate the effectiveness of each strategy. These are discussed in greater detail later in
the chapter.

3.5. Data Collection
Data were collected manually by conventional pen and paper method. At some
locations, .video recording was done to evaluate some of the pedestrian and driver MOEs.
Data were collected in mid-days of the week between Tuesday to Friday during morning
and evening peak hours, 7:00 AM to 9:00 AM and 4:00 PM to 7:00 PM, respectively. At
some locations, a twelve hour data collection was performed from 7:00 AM to 7:00 PM
on weekdays. All the data collection was performed in the daylight condition and a
minimum of 100 pedestrians were observed at each location. Graduate students at the
Transportation Research Center at University of Nevada, Las Vegas were the observers
who collected data in the study locations. Students were trained before they were sent to
the field. In order to collect data, each observer was provided with sheet of paper with
some of the MOEs related to pedestrian or driver behavior, so that he/she not to be
overload to collect all the information. Also, in order to maintain consistency and to
reduce bias, same observers collected data most of the time. Observers stood close to the
crosswalk so that they can clearly collect the required data without being seen by the
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pedestrians or drivers. This method was followed in order to prevent the influence of the
observers on the behaviors of pedestrians and/or drivers. A minimum of three observers
collected data at a time with each observer collecting only the MOEs assigned to them.
For example, at an intersection, there were 4 observers with assignments as follows:
Observer 1 :

•

Pedestrian who looked for vehicles before beginning to cross (“yes” or “no”)

•

Pedestrians who looked for vehicles before crossing second half of the street
(“yes” or "no")

•

Pedestrians trapped in the roadway (“yes” or “no”)

•

Captured or diverted pedestrians

Observer 2:
•

Pedestrians waited before crossing (delay) (“yes” or “no”)

•

If delayed, waiting time before they start to cross

•

Delay caused if pedestrian trapped in the roadway

•

Waited time before crossing second half of the street, if any

•

Evasive action or conflicts, if any (“yes” or “no”)

Observer 3:
•

Driver yielded to pedestrian (“yes” or “no”)

•

If yielded, yielding distance from the crosswalk (< 10 ft, 10-20 ft, >20 ft)

•

Vehicles blocked crosswalk (“yes” or “no”)

•

Vehicular delay

O bserver 4:
•

Vehicle speed
36
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Once a pedestrian approach the crosswalk, an observer looks for the direction in
which the pedestrian approach the crosswalk to evaluate whether he/she was captured or
diverted after completing the crossing. The same observer also collected whether the
pedestrian looked for vehicles before stepping on to the road and before beginning to
cross the second half of the street. The observer also observed whether the pedestrian was
trapped in the roadway or not. Therefore, overall an observer collected the following
data; pedestrian who look for vehicles before beginning to cross and before crossing
second half of the street, pedestrian trapped or not, captured or diverted pedestrian.
Similarly, other observer collected data pertaining to drivers like whether drivers yielded
to pedestrians or not, distance driver stops before crosswalk if yielded, drivers blocking
the crosswalk or not. For measuring the vehicle speed, an observer with a stopwatch
randomly selected a vehicle in a lane and started the stopwatch when the vehicle crosses
the landmark that was identified before. The time taken by the vehicle to cross the
segment of the roadway was measured. A Sony digital camcorder was used for video
recording the activities at the crosswalk. The camcorder was placed on a tripod on the
sidewalk or at a location so that the crosswalk is clearly visible. The video recording was
performed covering the crosswalk capturing the pedestrians and the drivers yielding
behavior including the crosswalk usage. An observer extracted the required data from the
recorded video that was played on a computer. Recorded video data was used to collect
the following MOEs; total number of pedestrians observed in the study period, number of
pedestrians using the crosswalk, number of pedestrians trapped in the roadway, number
of drivers yielding to pedestrians. Data collected in the field and from the video were
tabulated in the Microsoft Excel for further analysis.
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Data are collected at each site before and after the deployment of countermeasures to
evaluate their effectiveness and to quantify the corresponding MOEs. Data collection
includes traffic volume, pedestrian volume, pedestrian characteristics, and pedestrian
crossing behavior depending on the MCE identified for a particular countermeasure. The
pedestrian characteristics comprises of gender, appropriate age, and ethnicity. Different
strategies are used for data collection at intersections and midblock locations. The
observed pedestrian crossing behaviors at intersections are crosswalk usage, waiting time
before crossing, call button usage, looking for vehicles before beginning to cross,
pedestrians trapped in the middle of roadway while crossing, and signal violation
(crossing during DON’T WALK phase). Similarly, the observed pedestrian crossing
behaviors at midblock locations are as follows: waiting time before crossing, looking for
vehicles before beginning to cross, trapped in the middle of the street while crossing,
looking for vehicles before crossing second half of the street, waiting time before
crossing second half of the street (if any), captured or diverted, and evasive action, if any.
Data pertaining to pedestrians, motorists, and traffic conditions are collected to
evaluate the effectiveness of each countermeasures. The types of required data for
evaluation are discussed next.
1. Crash Frequency (Pedestrian Crashes / Year)
Crash data are collected from 1996 to 2000 within the Las Vegas metropolitan area.
Based on this primary data, high crash locations in the Las Vegas metropolitan area are
identified. Countermeasures are also selected based on the high crash locations as well as
the type of crashes. The crash database includes pedestrian and vehicle crashes, excluding
crashes in parking lots.
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2. Crash Severity (Distribution of Crashes by Injury Type / Year)
The severity of crash data and their distribution within the Las Vegas metropolitan
area are collected. In general, pedestrian crashes are divided into two categories: fatal and
injury. Likewise, vehicle crashes are categorized as follows: fatal, injury, and property
damage only (PDO). Specifically, crash severities are categorized on a 1 to 5 scale, where
1 is a crash with no injury and 5 is a fatal crash. Alternatively, the severity of crashes is
divided into five categories as follows: fatal injury (K), incapacitating injury (A), non
incapacitating injury (B), no visible injury but complaint of pain (C), and no injury,
property damage only (O), which is also referred as the KABCO injury scale [78].
3. Pedestrian and Vehicle Conflicts
A conflict involves an evasive action by a motorist or a pedestrian, where the vehicle
and pedestrian are on a collision course. Evasive action is evidenced by a motorist
stopping abruptly, slamming on the brakes, or swerving or by a pedestrian suddenly
stepping back, lunging back, or running forward to avoid being stmck by a vehicle. For a
conflict to be scored, evasive action by either a motorist or a pedestrian need to be
observed. At signalized intersections, only the pedestrians crossing between the stop bar
and the intersection (including within the crosswalk) are considered for evaluating
evasive action. Any conflicts occurring in a crosswalk at an intersection where
countermeasures have been installed are recorded. At mid-block locations, all conflicts
occurring

within

300

feet

upstream

and

downstream

of

the

proposed

crosswalk/countermeasure locations are recorded for both before and after deployment of
the countermeasures. The pedestrian and vehicle conflict is expressed in terms of vehicle
or pedestrian volume.
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4. Percentage of Pedestrians who look for Vehicles before beginning to Cross
This MOE is scored if the pedestrians look in the direction of a potential threat before
stepping off the curb onto the roadway. The data are reported as a percentage of the total
pedestrians observed during the study period.
5. Percentage of Pedestrians who look for Vehicles before Crossing Second Half of the
Street
This MOE is evaluated for the pedestrians who are at the centerline/center of roadway
and visibly scan for vehicles before continuing to cross the second half of the street. The
observed data are reported as a percentage of the total pedestrians observed during the
study period.
6. Percentage of Captured Pedestrians
The percentage of captured pedestrians is the percentage of pedestrians who modified
their paths to use a safety countermeasure, but who do not go out of their way to do so.
7. Percentage of Diverted Pedestrians
The percentage of diverted pedestrians is the percentage of pedestrians who modified
their paths to use a safety countermeasure, and who went out of their way to do so. In this
case, unlike “captured” pedestrians, these pedestrians would have to divert from their
shortest path and walk some additional distance to use the safety countermeasure. This
was determined based on observations of “back-tracking” movements by pedestrians.
8. Percentage of Pedestrians Who Pushed the Call Button
To record this MOE, every signal cycle for a given data collection period in which a
pedestrian is present is observed as to whether or not the call button is pushed (cycles
where no pedestrians are present are ignored in the percentage calculation). This MOE is
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recorded separately for each treated crosswalk at the intersection. Pedestrians are scored
if they push the call button and the recorded data are converted to the percent of the total
pedestrians crossing at a signalized intersection. Also, the percent of cycles where the call
button is pushed is considered.
9. Pedestrian Not Completing Roadway Crossings
The data pertaining to pedestrians on the roadway or crosswalk can be divided into
following categories:
9.1. Pedestrians in the Crosswalk during the Flashing DON’T WALK Phase
When crossing at a signalized intersection, pedestrians in the crosswalk at the end of
the flashing DON’T WALK phase are those who are still in the roadway when the solid
hand appears on the pedestrian signal. The corresponding percentage of total pedestrians
crossing during the observation period is calculated. Data are collected from field
observations.
9.2. Percentage of Pedestrians in the Crosswalk at the End of All-Red
The number of pedestrians in or near the crosswalk, who initiate their crossing before
the solid DON’T WALK pedestrian signal who are still in a traffic lane after the cross
street traffic receive the green signal, is counted. These data are reported in terms of the
percentage of total observed pedestrians.
9.3. Percentage of Pedestrians Trapped in the Middle of Crossing
The number of pedestrians who are trapped in the middle of uncontrolled locations
for at least 5 seconds is counted. This is generally the result of a pedestrian selecting a
gap that is too small for them to completely cross the road before encountering
approaching traffic. Pedestrians are scored as trapped in the middle at the centerline or
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between lanes if they have to wait to finish crossing. These pedestrians are converted into
the percentage of total observed pedestrians.
10. Percentage of Pedestrians who begin their Crossing during WALK phase
This MOE is scored if a pedestrian steps from the curb into the crosswalk when the
WALK signal is displayed on the pedestrian signal head. These data are converted into
the percentage of total observed pedestrians.
11. Pedestrian Signal Violations (Crossing during the DON’T WALK Phase)
A pedestrian is considered to be a signal violator if the pedestrian steps in or near the
crosswalk from the curb when the solid DON’T WALK sign is displayed on the
pedestrian signal head. Such violators are reported as a percentage of the total pedestrians
observed during the study period.
12. Percentage of Drivers who Yielded to Pedestrians
Drivers’ yielding behavior to pedestrians is recorded. In particular, the yielding
behavior of a motorist at a crosswalk, right-turning on red (RTOR), and yielding distance
from the crosswalk is recorded. At signalized intersections, the percent of drivers who
stop or slow to allow pedestrians to cross in front of them before proceeding is observed.
Motorists’ yielding behavior is only scored when pedestrians have the right of way (i.e.,
during the WALK phase or during the flashing DON’T WALK phase if pedestrians
started crossing when the WALK signal is displayed). A t mid-block locations, it is the
percentage of through vehicles that yields. Drivers’ yielding behavior is presented in
terms of the percentage of the total observations. The collected data pertaining to
motorists’ yielding behavior will be discussed next.
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12.1. Distance Vehicle Yields before the Crosswalk
The distance a driver stops before a crosswalk at an intersection is the distance
between the front bumper of the stopped vehicle and the marked crosswalk. The distance
a turning driver (making a RTOR or a permissive left turn) stops/yields to pedestrians in
the far crosswalks of an intersection (after initiating the turn and crossing the first
crosswalk) is the distance between the front bumper of the vehicle and the marked
crosswalk. The distance a driver yields at a mid-block crosswalk is the distance between
the vehicle and the crosswalk when the driver first begins to brake in advance of the mid
block crossing. To score the distance the motorist yield to a pedestrian, both a vehicle and
a crossing pedestrian need to be present at the same time. The yielding distance of the
vehicles are recorded in three categories, less than 10 feet (<10 ft), between 10 to 20 feet
(10-20 ft), and greater than 20 feet (>20 ft). To help with field observations, reference
marks are identified on the curb at these intervals in advance of the crosswalk.
12.2. Percentage of Vehicles Blocking Crosswalk
The data for the frequency of vehicles blocking the crosswalk at the intersections and
midblock locations are collected. A vehicle is scored as blocking the crosswalk when the
vehicle encroaches the crosswalk. These data on the vehicles that block the crosswalk are
converted into the percentage of total observed vehicles during the study period.
12.3. Percentage of Drivers Turning Right on Red coming to a Complete Stop
Drivers are scored as coming to a complete stop if their wheels stopped turning before
they enter the crosswalk. Drivers are scored as RTOR coming to rolling stop if the
vehicles slow considerably, but the wheels do not stop turning before entering the
crosswalk. If drivers turn without appreciably slowing, they are scored as RTOR without
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slowing. This MOE is reported in terms of the percentage of total observed vehicles
during the study period.
At uncontrolled locations, a motorist is scored as yielding if he/she stops or slows,
allowing the pedestrian to cross. A motorist is scored as unyielding if he or she passes in
front of a pedestrian but would have been able to stop when the pedestrian arrive at the
crosswalk. The problem requires calculating the distance that a motorist driving within
the posted speed limit can stop for a traffic signal that changes to red using the signaltiming formula [79]. This formula takes into account driver reaction time, safe
deceleration rate, posted speed limit, and the grade of the road. The required distance for
motorists to stop their vehicles safely within perception and break reaction time is called
stopping sight distance (SSD). The SSD is the sum of the distance traveled during the
brake reaction time and the distance to brake the vehicle to stop. According to American
Association of State Highway and Transportation Officials (AASHTO), the SSD in
meters is given as follows [80]:
d = 0.278W + 0.039 vV a

meters

Equation 3.1

Where,
t = brake reaction time, 2.5 sec;
V = design speed, km/h;
a = deceleration rate, 3.4 m/s^
Equation 3.1 is used to measure the distance beyond which a driver can safely stop
for a pedestrian, and a mark can be placed at this distance on each side of the sidewalk.
Motorists downstream of this marking after a pedestrian has entered the roadway can be
scored as yielding to pedestrians, but not for failing to yield. Motorists upstream of the
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landmark when a pedestrian enter the crosswalk can be scored as yielding or not yielding
because they have sufficient distance to safely stop. When a pedestrian first starts to
cross, only drivers in the first half of the roadway are scored for yielding. Once the
pedestrian approaches within half a lane of the marked median, the yielding behavior of
motorists in the remaining lanes can be scored.
13. Pedestrian Delay
Pedestrian delay is the time a pedestrian has to wait before crossing the street at a
marked or unmarked crosswalk. The duration starts when a pedestrian is first oriented to
make the crossing and ends when they begin to cross. Pedestrian delays are measured
using a stopwatch. At a signalized intersection, the stopwatch is started at the beginning
of the flashing DON’T WALK phase. Each time a pedestrian arrives at a crossing area
and prepares to cross the street, the time on the stopwatch is recorded for that pedestrian.
When the WALK signal is displayed, the time appear on the stopwatch is recorded. The
difference in time between the WALK signal display and the time each pedestrian spent
waiting to cross the street is the individual pedestrian delay. The delay is averaged and
reported based on the total observations. Pedestrian signal violators are not scored (i.e.,
pedestrians crossing during the flashing DON’T WALK or during the solid DON’T
WALK phase).
When pedestrian crosses at a mid-block location, he/she may continue walking along
the road/sidewalk (glancing over his/her shoulder) up until the time that a gap in traffic is
detected and the crossing maneuver is initiated. In this case, a zero delay is recorded for
the pedestrian, as the pedestrian continues to move up until the time of crossing.
Pedestrian delay begins only when the pedestrian turns to initiate the crossing maneuver
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and stops walking to wait for a gap in traffic. If a pedestrian becomes delayed or trapped
in the roadway after starting the crossing maneuver, this additional in-roadway delay is
added to the delay the pedestrian experience before crossing to get the pedestrian’s total
delay.
14. Vehicle Speed
Average vehicle speeds are measured using the space mean speed technique. A length
of segment on the upstream of an intersection is measured and a corresponding time
taken by a vehicle to travel this segment is recorded. The same strategy is used at
midblock locations. The mean and 85"^ percentile speed and standard deviation of speed
are reported.
15. Vehicle Delay at Intersections / Midblock Crossings
Vehicle delay is defined as an average amount of time a vehicle is stopped waiting at
a traffic signal and/or yielding to a crossing pedestrian. The average vehicle stopped
delay is measured using a delay study. Standard methodologies for conducting stopped
delay studies at signalized intersections are used. The average vehicle stopped delay for
an approach is reported.
16. Other Required Data
In order to quantify the MOEs, data pertaining to traffic volume, pedestrian volume,
and crossing locations are collected. The required information and data collected are
discussed next.
16.1. Vehicle Volume / Counts
The number of vehicles or vehicle counts is done during peak periods along the sites
where countermeasures are deployed. Data are collected during morning and evening
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peak hours, 7:00 to 9:00 a.m. and 4:00 to 7:00 p.m., respectively. Vehicle counts are
obtained from video recording.
16.2. Pedestrian Volume / Counts
Pedestrian movements and pedestrian volume are obtained during peak hours for all
the selected sites. Data are collected during morning and evening peak periods, 7:00 to
9:00 a.m. and 4:00 to 7:00 p.m., respectively. Pedestrian volume and movement
information are obtained from real time field observations.

3.6. Statistical Tests for Evaluating MOEs
The z-test for two proportions, Welch-Satterthwaite t-test, and a paired t-test are used
based on the types of MOEs evaluated [81, 82]. The evaluated MOEs are based at a
desired confidence level of 95 percent.
3.6.1.

Z-test for Two Proportions

If the MOE data are collected in proportions, the z-test for proportions can be used
[81, 82]. The z-test for proportions is used for comparison of before and after study data.
Let K be the proportion of the population. The sample proportion, p, denotes the
proportion of success in a random sample size of n. Therefore, the mean and standard
error of the sampling distribution of p is given by
Mean (pp) = p

Equation 3.2

Standard deviation (o) =

Standard error (op) =

<7

Equation 3.3

p)

(p (l-p )

Equation 3.4

n
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The Central Limit Theorem indicates that the sampling distribution of p is
approximately normal for a large sample [81]. The accuracy of normal approximation is
best when both np > 5 and n (l-p ) >5. A z-value can be calculated from the following
relation. Let x be the sample proportion during the after study and p in the sample
proportion during the before study. The test statistic is,
X - p

Equation 3.5

IX i-p )
V n
3.6.2.

Test for Two Proportions

The test for two proportions, a statistical tool, is used to determine if the proportions
obtained for the two populations are significantly different [81, 82].
Let ?i = proportion of success of the population 1
?2 = proportion of success of the population 2

Then, the null hypothesis (Ho) is that the percentage of success in population 1 (Pi) and
population 2 (P%) are the same. The alternative hypothesis (Ha) is the percentage success
in population 1 (Pi) is greater than the percentage of success in population 2 (Pz). These
hypotheses are expressed mathematically as follows:
Ho: Pi = P2
Ha: P i > P 2

The one-tail test for proportions is used to test these hypotheses at the 95 percent
confidence level.
Let X] = number of success events of population 1 outof a total of ui observations
X2 = number of success events of population 2 outof a total of U2 observations
The population proportions

and ^ are estimated by the sample proportions:
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Pj = Zi / «1 and p = X 1U
2

2

Equation 3.6

2

For large sample sizes, the two sample proportions are approximately normal
distributed [82], and the z-test for testing the equality of the two proportions vs. the 1sided alternative can be used. The test statistic used is

^0

Zo,

and it is defined as follows:

I—;----- 7 ----------------------------------------------------------------------- Equation 3.7
—

+

—

' P =

Equation 3.8

Zo is distributed approximately N (0,1) when Ho is trae.
The significance probability or P-value for equality of proportions vs. the 1-sided
alternative is calculated by:
P-value = P(Z < Z o )
The null hypothesis is rejected if the P-value < 0.05 (for a 95% confidence level).
Similarly, two-tail test can also be performed for equality of the two proportions. The
two-tail test for proportions is used to test these hypotheses at the 95% confidence level.
The P-value is calculated from:
P-value = 2 P(Z >

Equation 3.9

|Z o |)

The null hypothesis of equal proportions is rejected if P-value < 0.05.
3.6.3.
The null hypothesis.

H o,

Hypotheses test

is the claim about the process and characteristics that is

initially assumed to be trae. The alternative hypothesis, Ha, is the claim that is different
from Ho.
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Ho: Pp = X (mean of sample proportion is the same for both before and after study)
Hg: pp# X (mean of sample proportion is not the same for both before and after study)
Reject H o , if P-value < a or z-value > z«
Do not reject H o , if P-value > a or z-value < Za
The value of a is taken as 0.05. Based on the countermeasures to be evaluated, either a
one-tail or a two-tail test is conducted. The critical z-value corresponding to 95 percent
confidence level is 1.645 (for two-tail test). In one-tail test, null hypothesis claims that
the mean of the before observation is less than or equal to the mean of the after
observation. The alternative hypothesis is that if null hypothesis is not true, the mean of
the before observation is greater than the mean of the after observation. If the null
hypothesis is set as the mean of the before observation is greater than or equal to the
mean of the after observation, then the alternative hypothesis is contrary to the null
hypothesis. A graphical illustration of the one-tail test is shown in Figure 3.1.
The two-tail test is applicable when the compared values are not directional sensitive.
The null hypothesis claims that the two means, before study and after study, are same. If
the means are different, then the hypothesis is referred as alternative hypothesis. A
graphical illustration for the two-tail test is shown in Figure 3.2. One of the advantages in
using the z-test for two proportions is that the sample size in both the study periods need
not have be the same.
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Rejection
re g io n ^

Critical Values
Figure 3.2. One-tail Hypothesis test

Critical Values

Critical Values

Figure 3.3. Two-tail Hypothesis test

3.6.4.

One Sample t-test / z-test

The sample t-test is used when testing the hypotheses about the mean, p, of a single
population. The null hypothesis, Ho, is a statement of equality. The alternative
hypothesis, Ha, contains one of three possible inequalities. These three inequalities are
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less than, greater than, and not equal, and are conducted based on the types of tests (onetail/two-tail test) [81].
One-tail test
Null hypothesis:

Ho: p = po

Alternative hypothesis:

Ha: p < po or Hg: p > po

Two-tail test
Null hypothesis:

Ho: p = po

Alternative hypothesis:

Ha: p

po

Test Statistic:
Equation 3.10

f - £ —^

Let J , s, n, andpo, aresample mean, standarddeviation of thesample, sample size,
and null value,respectively.

The P-value iscalculated byreferring to the t-curve for a

degree of freedom (n-1). The test is with reference to the upper-tail when the alternative
hypothesis is Ha: p > po, and the lower-tail for the case Ha: p < po. A two-tail is used if
the alternative hypothesis is H&: p 9^ po- Samples are randomly selected from a normal
population to apply the test. If n is large (n>30), this normality assumption is not
necessary because the Central Limit Theorem guarantees that the x sampling distribution
is approximately normal, whatever the shape of the population distribution. The test
statistic is denoted by z rather than t, and the P-value is obtained from the z (standard
normal) curve. The test statistic is as follows:
z = ——^

Equation 3.11
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3.6.5.

The Welch-Satterthwaite t-test

The Welch-Satterthwaite t-test is used when the assumption that the two populations
have equal variances seems unreasonable [83]. It provides a t-statistic that asymptotically
approaches a t-distribution as the sample size become large, allowing for an approximate
t-test to be calculated when the population variances are not equal. This test is different
from the ordinary Student’s t-distribution. The variances of the two groups are assumed
equal in the Student’s t-test [83].
The Welch’s t-test is used to identify the difference between means of independent
samples.
Let Pi = mean of population 1, or true average of treatment 1,
P2 = mean of population 2 , or true average of treatment 2 ,
ni = number of observations in the first sample (sample 1),
ri2 = number of observations in the second sample (sample 2 ),

.%! = sample mean of ni observations,
= sample mean of n2 observations,
= sample variance of sample set 1,
S 2 = sample variance of sample set 2

A = difference in the means of the population
X] —X2 —A
Test statistic, t = Ml
Null hypothesis:

Equation 3.12

Mz

Ho: pi - p2 = A

Alternative hypothesis: Ha: pi - p 2 ^ A
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f o2

f,2 \^
£ jl + £ i
VMl ^2 y
22
x n2

A t-distribution with degree of freedom, m =

Ui J

Equation 3.13

_L _

Wj — 1

^2 ~ 1

The t-value obtained is compared to a statistical table corresponding to the calculated
degree of freedom, which is referred as tn,«. A A denotes the null value or the difference
between means and appropriate situation under consideration. Two samples are selected
independently and normally distributed. If the sample sizes are more than 30 (ni>30 and
n2>30) as per Central Limit Theorem, normality assumption is no longer necessary.
3.6.6. Paired t test
A paired t-test is used when the observations of the two populations of interest are
collected in pairs under homogeneous conditions [84]. A set of n pair of observations is
taken. Let

X u ,

X 1 2 ,...

Xin and X 21,

X 2 2 ,...

X 2n be represented as the first pair and the

second pair observations, respectively. The mean and variance are represented by pi
and erf for the first pair, and p2 and erf for the second pair, respectively. Hypotheses
testing about the difference between pi and p2 are accomplished by performing a onesample t-test on pd, where po is the difference between paired means [84].
The null hypothesis of no difference in means of two pairs vs. the 1-sided alternative is
expressed as:
Ho: Pd = 0
Ha: Pd > 0
The test statistic computed from the sample is:
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f n = — —7=

Equation 3.14

Where D and So are the mean and standard deviation of difference of sample speed
observations.
The significance probability or P-value is calculated by:
P-value = P(% > to)
If the obtained P-value is greater than the critical a-value, i.e., 0.05 at the 95 percent
confidence level, then Ho is accepted. Similarly, if the P-value is less than the a-value,
then Ho is rejected at the 95 percent confidence level.
From the above discussion, the z-test is used to evaluate the MOEs if the sample size is
large enough to assume the normality of the sample distribution. If the sample size is 30,
then the sample distribution can be considered as normal, hence, the z-test is used.
Sample sizes of less than 30 are considered as small and are still considered as normal
and the t-test is used for statistical evaluation. In general, the Welch’s t-test is used for
small samples. A list of evaluated MOEs, type of variables, units of MOEs, and the
performed statistical tests are summarized in Table 3.2. The null hypothesis is that the
values of MOEs during before period and the after period are the same. The alternative
hypothesis is set in two ways. In the first type, the values of MOEs during before study
periods are more than those of the after study periods. Likewise, another type of
alternative hypothesis is that the values of MOEs during the before study periods is less
than those of the after study periods. The null hypothesis and alternative hypothesis for
each MOE are shown in Table 3.3.
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7.
8.
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11.
12.
13.
14.
15.
16.

Percentage of pedestrians who look for vehicles before
beginning to cross
Percentage of pedestrians who look for vehicles before
crossing 2"^ half of street
Percentage of captured pedestrians
Percentage of diverted pedestrians
Percentage of pedestrians who were trapped in the
roadway
Percentage of pedestrians who violated signal (crossing
during DON'T WALK phase)
Percentage of signal cycles in which call button has
been pushed
Percentage of pedestrians who begin their crossing
during WALK phase
Percentage of pedestrians who were in the crosswalk at
the end of flashing DON’T WALK
Percentage of pedestrians who were in the crosswalk at
the end of all-red
Percentage of drivers who yielded to pedestrians
Yielding distance to pedestrians by motorists
Percentage of vehicles that blocked the crosswalk
Pedestrian delay
Vehicular delay at intersections/midblock crossing
Vehicle speed

Units used
Percent

C

X

X

C

X

X

c
c
c
c
c
c

X
X

X
X

X

X

X

X

X

X

X

X
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X

X

c
c

X

X

X

X
X
X

D

c
c
c
c

C-Continuous, D-Discrete
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Statistical Tests
Test for
Two-Sample
Proportions
t-test

Type of
Variable

Others
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Table 3.6. Hypothesis Tests for MOEs Evaluation
Null hypothesis

Measures of Effectiveness
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3
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Before = After

1. Percentage of pedestrians who look for vehicles before beginning
to cross
2. Percentage of pedestrians who look for vehicles before crossing
2“^half of street
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Percentage of captured pedestrians
Percentage of diverted pedestrians
Percentage of pedestrians who were trapped in the roadway
Percentage of pedestrians who violated signal (crossing during
DONT WALK phase)
Percentage of signal cycles in which call button has been pushed
Percentage of pedestrians who begin their crossing during
WALK phase
Percentage of pedestrians who were in the crosswalk at the end
of flashing DON’T WALK
Percentage of pedestrians who were in the crosswalk at the end
of all-red
Percentage of drivers who yielded to pedestrians
Yielding distance to pedestrians by motorists
Percentage of vehicles that blocked the crosswalk
Pedestrian delay
Vehicular delay at intersections/midblock crossing
Vehicle speed
Percentage of pedestrians/vehicles evasive action
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CHAPTER 4

PROBLEM IDENTIFICATION AND EVALUATION PLAN
In this chapter, a brief description of some of the high-risk locations and
countermeasures deployed at these locations are discussed. The evaluation plan of
countermeasures is also discussed in this chapter. The data collection strategy is designed
and implemented by coordinating with local agencies within the Las Vegas metropolitan
area. The different countermeasures that are deployed at various sites within the Las
Vegas metropolitan area are described in this chapter.

4.1.

Problem Locations and Potential Countermeasures

High crash zones are identified by using the geo-coded pedestrian crash data [85]. A
zoning

methodology

recommended

by

the

National

Highway

Traffic

Safety

Administration (NHTSA) is used to identify high crash locations [85]. The geo-coded
pedestrian crash data are overlaid on the zip codes using geographic information system
(CIS). Two crash indices are introduced to identify and rank pedestrian high crash zones.
The crash indices are calculated based on pedestrian crashes in the vicinity of a zone,
severity of crashes, and length of a zone (corridor). The crash indices. Crash Index 1 and

Crash Index 2, are obtained by multiplying the pedestrian crashes per mile in a zone by a
weighted factor and divided by 100. However, the weighted factors for both indices are
calculated differently. The weighted factor for Crash Index 1 is simply obtained by
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dividing the total number of fatal and severe injury crashes by the length of a zone. It is
provided in equation 4.1.
# P e d Crashes2o^f,

# F atal P e d C r a s h e s + # Severity Injury P e d Crashes^one

C r m h ln d e x l^

too

-----------------------------------

Equation 4.1
Crash index 2 is calculated using a similar equation as of crash index 1, but with
assigning different weights for different crash type based on severity. In this case, fatal
crashes were assigned a weight of 5 and injury crashes a weight of 3. Mathematically, the
formulated crash index is shown by equation 4.2 [85]:

# Ped C r a s h e s 5 x # Fatal P ed C r a s h e s + 3 x # Severity Injury P ed Crashes
Crash Index l-ione

100

Equation 4.2
The crash zones are ranked based on either Crash Index 1 or Crash Index 2. These
ranks are used to identify high crash zones. These selected high pedestrian crash zones
include intersection locations, and mid-block locations, and/or a road segment. Based on
the pedestrian activity of an area, priorities are also given to pedestrian related crashes
involving children and elderly road users. From these different high crash zones
identified, the top 9 pedestrian high risk zones were selected based on crash indices and
input from local agencies. From these high pedestrian risk zones, 19 high risk locations
are identified for deploying countermeasures to evaluate their effectiveness. The
locations of these sites are shown in Figure 4.1. Out of the 19 sites, countermeasures were
deployed at only 14 sites, and the remaining five sites were considered control sites. The
ranking of each zone and corresponding crash indices are presented in Table 4.1.
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1. Maryland Parkway / Sierra V ista
2. Maryland Parkway f Dumont Street

11. Twain Avenue: Cambridge Street to Swenson Street
12. Twain Avenue; Swenson Street to Palos Verdes Street

3. Maryland Parkway / Twain Avenue
4. Harmon Avenue / Paradise Road

13. Lake Mead Boulevard / Las Vegas Boulevard
14. Lake Mead Boulevard / M cDaniel Street

5.
6.
7.
8.
9.
10.

15. Lake Mead Boulevard: Belmont Street to McC'aiTan
Street

Hannon Avenue: Paradise Road to Tropicaaa Wasli
Harmon Avenue / Las Vegas Boulevard
Flamingo Road / Koval Lane
Flamingo Road / Paradise Road
Bonanza Road /' D Street
Bonanza Road / F Street

16. Lake Mead Boulevard / Pecos Road
17. Fremont Street: lltti Street to 8th Street
18. Fremont Street: 8th Street to 6th Street
19. Chaiieston: Spencer Street to 17th Street_____________

Figure 4.4. Study locations in the Las Vegas metropolitan area [77]
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Table 4.7. Crash Indices and Ranking of various Zones in Las Vegas valley [85]
Zone
#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

6.84
5.00

Ranking based
on Crash Indices
2
1
2
1
31.37
1
2
2
28.46
3
26.68
3
4
4
26.60
5
22.50
7

5.13

15.81

6

6

5.14
3.26

15.43
11.23

5
8

7
8

2.68

9.12

9

9

1.94
1.36
1.11
1.03
0.96
0.87
0.40

6.46
4.54
3.97
3.55
3.25
2.61
1.21

10
11
12
13
14
15
16

10
11
12
13
14
15
16

Crash Indices

Zones

1
Maryland Parkway (Flamingo Wash - Sierra Vista Drive)
Harmon Avenue (Paradise Road - Las Vegas Boulevard)
Flamingo Road (Paradise Road - Las Vegas Boulevard)
Bonanza Road (D Street - H Street)
Twain Avenue (Cambridge Street - Palos Verdes Street)
Lake Mead Boulevard (Pecos Road - Las Vegas
Boulevard)
Fremont Street (15* Street - 6* Street)
Desert Inn Road / Boulder Highway
Charleston Boulevard (Eastern Avenue - Las Vegas
Boulevard)
Maryland Parkway (Desert Inn Road - Sahara Avenue)
Bonanza Road (Eastern Avenue - Las Vegas Boulevard)
Downtown
Charleston Boulevard (Nellis Boulevard - Pecos Road)
Tropicana Avenue (Pecos Road - Spencer Street)
Flamingo Road / Boulder Highway (1200 ft)
Maryland Parkway (Tropicana Avenue - Flamingo Road)

4.2.

8.96
8.13
7.62

Site Descriptions

As described in the previous section, 19 sites were selected as pedestrian high risk
locations within the Las Vegas metropolitan area for implementation and evaluation of
countermeasures. They are listed in Table 4.2. As shown in the table, some of the high
risk pedestrian sites are intersections and some others are mid-block locations. Crash data
for the period of January 1996 to December 2000 were used to identify these sites.
Pedestrian safety enhancement countermeasures were selected based on the crash
characteristics, demographics, and land use around each of these sites. Countermeasures
deployed at 8 sites are evaluated in this thesis. The general characteristics o f these sites,

identified problems, and potential deployed countermeasure are discussed in detail in the
following section.

61

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 4.8. Pedestrian High Risk locations in Las Vegas valley [85]
Site#
1
2
3
4

Locations

6
7

Maryland Parkway/Sierra Vista Drive
Maryland Parkway/Dumont Street
Maryland Parkway/Twain Avenue*
Harmon Avenue/Paradise Road
Harmon Avenue: Paradise Road to
Tropicana Wash
Harmon Avenue/Las Vegas Boulevard
Flamingo Road/Koval Lane

8

Flamingo Road/Paradise Road*

9
10

Bonanza Road/D Street
Bonanza Road/F Street
Twain Avenue: Cambridge Street to
Swenson Street
Twain Avenue: Swenson Street to Palos
Verdes Street
Lake Mead Boulevard/Las Vegas
Boulevard
Lake Mead Boulevard/McDaniel Street*
Lake Mead Boulevard: Belmont Street to
McCarran Street
Lake Mead Boulevard/Pecos Road
Fremont Street: 11'*’ Street to S'” Street*
Fremont Street: 8'*’ Street to 6“’ Street

5

11
12
13
14
15
16
17
18
19

Charleston Boulevard: Spencer Street to
17'*’ Street

Zone Name

Zone
Number

Maryland Parkway (Flamingo
Wash - Sierra Vista Drive)

1

Harmon (Paradise Road - Las
Vegas Boulevard)

2

Flamingo Road
(Paradise Road Las Vegas Boulevard)
Bonanza Road
(D Street - H Street)

3
4

Twain Avenue
(Cambridge Street
- Palos Verdes Street)

5

Lake Mead Boulevard
(Pecos Road - Las Vegas
Boulevard)

6

Fremont Street (15'” Street6'*’ Street)
Charleston Boulevard
(Maryland Parkway - Eastern
Avenue), (9)

7
8

* denotes control sites

1. Maryland Parkway / Dumont Street
The intersection of Maryland Parkway/Dumont Street comes under the jurisdiction of
Clark County. Land use around this site is primarily commercial with shopping
complexes and a shopping mall (Boulevard mall). Maryland Parkway is classified as a
major arterial in the north-south direction. It has a posted speed limit of 30 mph. Dumont
Street is a minor arterial with a posted speed limit of 25 mph. The average daily traffic
(ADT) on Maryland Parkway near the intersection of Maryland Parkway/Dumont Street
is 43,000 in the year 2006 [86]. The traffic on the eastbound direction of the Dumont
Street

leads

to

the

Boulevard

mall.

The

problems

identified
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at

Maryland

Parkway/Dumont Street include pedestrians not waiting for acceptable gaps before
crossing the streets, drivers failing to yield, pedestrians trapped in the middle of the
roadway, and conflicts between vehicles and pedestrians. Since the safety issues are
result of both pedestrian and driver behaviors, the selected countermeasures are aimed at
altering both drivers and pedestrians. The proposed countermeasures to address these
problems are “Danish offset,” “Median refuge,” “High visibility crosswalk,” “Advance
yield markings,” and “Pedestrian activated flashing yellow.”
2. Harmon: Paradise Road to Tropicana Wash
A mixed land use pattern is observed around the intersection of Harmon
Avenue/Paradise Road. This site is within the jurisdiction of Clark County. The land use
includes residential, commercial, and recreational (hotels and casinos). Harmon Avenue
spans east-west and is classified as a minor arterial with a posted speed limit of 35 mph.
The intersection of Harmon Avenue and Paradise Road had a total of 12 crashes during
the period January 1996 to December 2000. About 58 percent of the crashes occurred at
non-intersection location. Fifty eight percent of the crashes occurred during daytime. The
ADT along this segment of Harmon Avenue for the year 2006 is 17,100 [86]. The
problems identified at this site include pedestrians not waiting for signals or acceptable
gaps before crossing the street, drivers failing to yield, and conflicts between vehicles and
pedestrians. Being a mid-block location and since most pedestrian related safety issues
are results of motorist driving behavior, the countermeasures were selected primarily to
focus on motorists. The proposed countermeasures are “Median refuge,” “High visibility
crosswalk,” “Advance yield markings,” and “In-roadway knockdown signs.” The
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proposed countermeasures are expected to alert motorists of the presence of pedestrians
at the

site, and to provide pedestrians a refuge in the middle of the street

3. Flamingo Road / Koval Lane
This site is within the jurisdiction of Clark County. The land use pattern is a mixed
type with shopping complexes and apartments. Flamingo Road is classified as a major
arterial and Koval Lane as a minor arterial. Crash data show a total of 29 crashes from
January 1996 to December 2000 with 76 percent of them occurring at the intersection.
Forty one percent of the total crashes are due to the motorists’ failure to yield. The 2006
traffic count show the estimated ADT on Flamingo Road near Koval Lane to be 40,500
[86]. Some of the observed problems at this site are motorists’ failure to yield and a
significant number of nighttime crashes. By implementing “Fligh visibility crosswalk,” a
driver’s attention could be attracted towards the pedestrians. Installation of “Pedestrian
countdown signal” would help pedestrians to judge if they have enough time to cross the
street. Similarly, “Enlarged signal heads” would inform the motorist of the pedestrian
activity in the nearby area.
4. Bonanza Road: D Street to F Street
The land use pattern along Bonanza Road between D Street and F Street site is
classified as commercial. The location is within the jurisdiction of the City of Las Vegas
and the Nevada Department of Transportation (NDOT). Bonanza Road, D Street, and F
Street are classified as minor arterials. The posted speed limit along Bonanza Road is 35
mph. D Street and F Street have a posted speed limits of 25 mph. Bonanza Road/D Street
is a three-legged (T intersection), and Bonanza Road/F Street is a four-legged signalized
intersections. D Street has only the southbound approach at the intersection. Bonanza
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Road/D Street had 6 crashes between January 1996 and December 2000. All the crashes
had occurred at non-intersection location. Bonanza Road/F Street had a total of 12
crashes in the same period with about 60 percent of the crashes occurring at non
intersections. As per the 2006 traffic count statistics, the estimated ADT along Bonanza
Road at this site is 20,100 [86]. Some of the problems observed at Bonanza Road D
Street and F Street are pedestrians not using the crosswalks, inconspicuous crosswalks,
pedestrians trapped in the middle of the street while crossing, motorists failing to yield,
pedestrians failing to yield, and pedestrians not waiting for signals or acceptable gaps.
The installation of “In-roadway knockdown signs” would inform motorists about
pedestrian activities in the vicinity, and it also would remind them of the State law that
motorists must yield to pedestrians in the crosswalk. Deployment of “High visibility
crosswalk” and “In-roadway knockdown signs” is expected to increase motorists’
yielding behavior to pedestrians, and more crosswalk users.
5. Twain Avenue: Swenson Street to Palos Verdes Street
Twain Avenue is classified as a minor arterial with a posted speed limit of 35 mph
along the corridor between Swenson Street and Palos Verdes Street. Twain Avenue runs
in the east-west direction. The location is within the jurisdiction of Clark County. Land
use along the corridor is mixed type with some shopping centers and residential
apartments. ADT along the corridor for year 2006 is approximately 21,400 [86]. The
problems identified along the corridor include speeding, drivers not yielding to
pedestrians, pedestrians trapped in the roadway, and conflicts between vehicles and
pedestrians. The countermeasures deployed at this site include “In-roadway knockdown
signs” and “Portable speed trailer.”
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6. Lake Mead Boulevard: Belmont Street to McCarran Street
The location is within the jurisdiction of the City of North Las Vegas. Land use is
primarily residential. Lake Mead Boulevard is a major arterial with a posted speed limit
of 45 mph. As per 2006 traffic count statistics, the AADT on Lake Mead Boulevard
between Belmont Street and McCarran Street is 44,000 [86]. Some of the identified
problems are high percentage of elderly pedestrian crashes, motorists failing to yield,
pedestrians not waiting for signals/acceptable gaps, and high proportions of nighttime
crashes. The proposed countermeasures to address these problems are “Danish offset,”
“Median refuge,” “High visibility crosswalk,” “Advance yield markings,” and “Yield
here to pedestrians” signs.
7. Fremont Street: 8* Street to 6* Street
Land use adjacent to the corridor includes hotels, casinos and other commercial
activities. The location is within the jurisdiction of the City of Las Vegas. Fremont Street
is classified as a minor arterial and the posted speed limit is 25 mph. As per 2006 traffic
count statistics, the ADT at Fremont Street is 13,800 along this corridor [86]. Some of the
problems identified at Fremont Street from 8*** Street to 6* Street are pedestrians not
using the crosswalks, a high percentage of elderly pedestrians involved in crashes, and
pedestrians failing to yield.
Speeding is a key observed problem at this corridor. A “Portable speed trailer” is
proposed for this location. The installation of portable speed trailers is expected to make
motorists aware of the posted speed limit and their current speed. The speed trailers are
intended to help motorists to reduce their speed. The other countermeasures at this site
include “In-roadway knockdown signs” and “Pedestrian call button that confirm press.”
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8. Charleston Boulevard: Spencer Street to 17'"* Street
Land use classification along Charleston Boulevard corridor includes office
complexes, several small commercial activity units, restaurants, and apartments. The
location is within the jurisdiction of the City of Las Vegas and the Nevada Department of
Transportation (NDOT). Charleston Boulevard between Spencer Street and 17* Street is
a midblock location. The posted speed limit is 35 mph. The ADT along Charleston
Boulevard in the study area is estimated to be 37,500 in the year 2006 [86]. Some of the
problems identified are pedestrians not using the crosswalks, high proportions of elderly
pedestrian

crashes,

motorists

failing

to

yield,

pedestrians

not

waiting

for

signals/acceptable gaps, and high proportions of nighttime crashes. The proposed
countermeasures are “Advance yield markings,” “Warning signs for motorists,” “High
visibility crosswalk treatment,” “Automatic pedestrian detection devices,” and “Smart
lighting.” This mid-block site does not have a crosswalk present. Therefore, pedestrians
are expected to use crosswalks located at nearby intersections. However, crash data show
several pedestrian crashes occurring way from the intersections. A “High visibility
crosswalk” treatment is proposed at this location to help reduce jaywalking in the
vicinity. “Advance yield markings” upstream of the crosswalk alert motorists to yield for
pedestrians. “Automatic pedestrian detection devices” and “Smart lighting” help to detect
the presence of a pedestrian and brighten up the crosswalk with high intensity lights.
These countermeasures are intended to address significant number of nighttime crashes at
this site. Because of the automatic pedestrian detection system, pedestrians will be
detected even if they do not press the button to activate smart lighting.
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4.3.

Types of Countermeasures

Various typical and innovative countermeasures are used in the study to enhance
pedestrian safety. They are discussed in this section. These countermeasures vary from
simple signs and markings to intelligent transportation systems (ITS) related
countermeasures. Most of these countermeasures are relatively novel in the State of
Nevada. Countermeasures are divided into three major categories: signs, markings, and
others. The others include innovative countermeasures based on safety engineering and
ITS applications.
1. Signs
Various signs are proposed to be installed at high risk locations. The proposed signs
include “In-roadway knockdown signs,” and “Regulatory signs for motorists.” These
signs are discussed next.
1.1. In-Roadway Knockdown Signs
The manual on uniform traffic control devices (MUTCD) code for the proposed “Inroadway knockdown” sign upstream of the crosswalks is R l -6 [87]. The “In-roadway
knockdown sign,” which is shown in Figure 4.2, is installed upstream of the crosswalk
[87]. Nevada’s driving law states that the pedestrians in crosswalks and at intersections
have the right-of-way [88 ]. The purpose of “In-roadway knockdown signs” is to remind
motorists to yield for pedestrians in the vicinity of this sign.
The “In-roadway knockdown” sign is suitable for unsignalized intersections and
midblock locations. “In-roadway knockdown” signs shall not be installed at signalized
locations because they may provide wrong information to motorists. The “In-roadway
knockdown” sign is proposed to be installed along the centerline or median of the street.
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Problems to be addressed by installing “In-roadway knockdown signs” include
pedestrians not using the crosswalk, pedestrians trapped in the middle of the street while
crossing, and motorists failing to yield.

STATE
LAW

WTHtN
CROSSWALK
Figure 4.5. In-roadway knockdown Sign (R l- 6 )

1.2. Regulatory sign for Motorists
The “Regulatory signs for motorists” are installed upstream of crosswalk locations.
This sign is installed along with “Advance yield markings.” The “Regulatory signs for
motorists” are installed at 20 to 50 ft in advance of the nearest crosswalk line at
unsignalized crosswalk locations [87]. The MUTCD code for this sign is Rl-5 or Rl-5a
[87]. Figure 4.3 shows the “Regulatory signs for motorists” with and without pedestrian
pictograms. The MUTCD recommends the use of an advance pedestrian crossing sign in
advance of locations where pedestrians may cross but may not be expected by the
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motorist. The objective of this countermeasure is to enhance visibility and minimize
inappropriate perceptions between pedestrians and motorists. The “Regulatory signs for
motorists” along with “Advance yield markings” is shown in Figure 4.4, installed at one
of the sites. Two of the problems addressed by installing “Regulatory signs for motorists”
are motorists’ failure to yield and conflict between pedestrians and right turning vehicles.

PEDESTRIANS
RF5

Figure 4.6. Regulatory sign for motorists

Figure 4.7. Regulatory sign for motorists installed with Advance Yield Markings
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2. Markings
The types of markings evaluated include “Advance yield markings” and “High
visibility crosswalk” treatment. These markings are discussed next.
2.1. Advance Yield Markings
The “Advance yield markings” are installed upstream of crosswalks at uncontrolled
approaches. The installation of these markings is to make motorists aware of the presence
of pedestrians bn the road. On multilane roadways, these installations could help reduce
crashes due to screening effects of vehicles on the adjacent lanes. However, the MUTCD
specifies that the yield ahead triangular pavement markings shall not be installed at a site
unless there is an advance yield to pedestrian sign. Triangular yield markings on the
pavement are shown in Figure 4.5. Motorists are provided additional notice with the
installation of the advance yield sign. The advance yield sign can be installed on the curb
or on the median. If “Advance yield markings” need to be installed at unsignalized
midblock crosswalks, yield lines should be placed adjacent to “Yield here to pedestrians”
signs about 6.1 m to 15 m (20 ft to 50 ft) upstream of the crosswalk line, and parking
should be prohibited between the yield lines and crosswalks [87]. The “Advance yield
markings” are used to increase motorists’ yielding behavior.
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Figure 4.8. Advance yield markings

2.2. High Visibility Crosswalk Treatment
Crosswalks are repainted or re-marked to improve their conspicuity. Crosswalks are
marked with zebra or striped lines inside the outer boundary line. High visibility
crosswalks can be created through several techniques. The most common are diagonal,
ladder and continental markings, as illustrated in Figure 4.6. The installation of “High
visibility crosswalk” is expected to increase pedestrian crosswalk usage, conspicuity, and
driver yielding behavior. High visibility crosswalks are a valuable tool to raise
consciousness of a marked pedestrian crossing. Motorist awareness of the crosswalk is
enhanced, providing greater opportunity for them to modify their driving behavior to
address potential pedestrian conflicts. Furthermore, pedestrians become more aware of
the appropriate crossing locations. This may encourage them to also modify their
crossing behavior and remain within the crosswalks as opposed to wandering across the
roadway at unmarked locations.
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Figure 4.9. Examples of High visibility crosswalk treatment

3. Others
Other

than

traditional

signs

and

markings,

various

types

of innovative

countermeasures are also evaluated for their effectiveness to enhance pedestrian safety.
These include “Customized portable speed trailers,” “Pedestrian countdown signals,”
“Automatic pedestrian detection devices,” and “Smart Lighting.” These countermeasures
are discussed itl detail next.
3.1. Customized Portable Speed Trailer
The “Portable speed trailer” detects and displays the travel speed of a vehicle and so
as to remind motorists to slow down if they are driving over the posted speed limit. Speed
trailers are installed at sites with speeding problems. They are typically installed on the
sides of the road or on a curb lane. The customized “Portable speed trailer” used in this
73

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

research is the traditional speed trailer modified to display user defined messages.
Different messages are displayed which include vehicle speed, posted speed limit, also
the “fine” (i.e., monetary penalty) the drivers have to pay if they were to be cited by
police officers. Motorists are reminded about the posted speed limit at the location and
their travel speed. Figure 4.7(a) shows the customized portable speed trailer with the
travel speed of a vehicle and a personalized message “Thank you.” Some of the targeted
problems addressed by installing portable speed trailers are motorists’ failure to yield and
speeding.

S5f"!

U N L V -T R C

(a) Speed and personalized message

(b) Speed and fine information

Figure 4.10. Customized Portable Speed Trailer
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3.2. Pedestrian Countdown Signal with Animated Eyes
The pedestrian countdown signals with animated eyes aim to help pedestrians make
proper judgment about the remaining time to cross the roadway. Once the allocated time
for the WALK phase of a pedestrian signal is completed, Arabic numerals are displayed
along with the flashing DON’T WALK signal. The remaining time in seconds to
complete the crossing maneuvers is displayed on the pedestrian signal head in a
descending order (i.e., countdown). Also, a pair of scanning blue eyes is displayed on the
top of the hand sign alerting pedestrians to look for turning vehicles before crossing.
Pedestrians on the side of the roadway waiting to cross are expected to complete the
crossing maneuver during the pedestrian signal. Pedestrians who arrive while the
numbers are displayed on the signal head could decide whether to cross or not based on
the remaining time. The pedestrian countdown timer with the animated eyes is shown in
Figure 4.8.

•V

::
Figure 4.11. Pedestrian Countdown signal with Animated Eyes

75

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

3.3. Automatic Pedestrian Detection Device and Smart Lighting
The automatic pedestrian detection device works with the help of microwave and
infrared detectors. Examples of locations at which infrared is used to detect pedestrian
presence include grocery stores, shops, banks, and entrances to other public buildings.
Both these types of detectors function by sensing changes in thermal radiation caused by
a pedestrian movement within the targeted area. A delay is built in so that persons are
detected if they stay within the detection zone for more than a minimum amount of time.
Such a delay helps to prevent false actuations resulting from persons who merely pass
through the detection zone and do not intend to cross the street.
The objective of “Automatic pedestrian detection devices” is to detect the presence of
a pedestrian near the crosswalk and light up the crosswalk with the help of “Smart
lighting,” alerting the drivers of a pedestrian crossing the street. It also helps to extend
pedestrian intervals at signalized intersections if pedestrians are detected in the
crosswalk. “Automatic pedestrian detection device” and “Smart lighting” is shown in
Figure 4.9.
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Figure 4.12. Automated Pedestrian Detection device and Smart Lighting

4.4.

Deployment of Countermeasures at High Risk Locations

Once the countermeasures are identified, the next step is to deploy these at the
selected sites. Before they are deployed, existing condition data are collected as base data
to evaluate the effectiveness of these countermeasures. The deployed countermeasures at
different stages and corresponding sites evaluated for this thesis are shown in Table 4.3,
with the letters “1,” “2,” and “3,” showing the deployed countermeasures at stages 1, 2
and 3, respectively. Figure 14 shows the location of pedestrian high risk locations,
altogether 19 locations, within the Las Vegas metropolitan area. The countermeasures are
deployed with the support of the respective local agencies.
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4.5.

Evaluation of Countermeasures

Several statistical tools are used to evaluate the effectiveness of the deployed
countermeasures in enhancing pedestrian safety. The types of statistical tools are based
on the considered measures of effectiveness (MOEs) for evaluation. The MOEs were
discussed in Chapter 3. In some cases, several statistical tools are also used to evaluate a
countermeasure. The required data and the details of MOEs for all the countermeasures
are shown in Table 4.4. The evaluation strategy and the statistical tools used for some of
the countermeasures are discussed next.
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Table 4.9. List of Deployed Countermeasures at Various Sites
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5. Twain Avenue: Palos Verde to Swenson Street
6. Lake Mead Boulevard: Belmont Street to McCarran Street
7. Fremont Street: 8* Street to 6* Street
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= stage 1, 2= stage 2, 3= stage 3
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Table 4.10. List of MOEs and Countermeasures
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1. Danish Offset, Median Refuge, Regulatory Signs for Motorists, and Advance Yield
Markings
A before and after study strategy was conducted to evaluate the effectiveness of a
Danish offset/Median refuge at the study location which was previously described. Data
were collected in the morning and afternoon peak periods. This was done both prior and
after the deployment of the above said countermeasure (“before and after” condition).
The yielding behavior of motorists, vehicle speeds, yielding distance, and conflicts were
identified as MOEs for comparison of the before and after study periods. The stopping
sight distance (SSD) is an important variable to observe in the yielding behavior of
motorists. The SSD is given as follows [80]:
à = \ A l V t + \ .075 VVa

Equation 4.3

Where,
d = SSD, ft;
t = brake reaction time, sec;
V = design speed, mph;
a = deceleration rate, 11.2 ft/s^
Before the installation of the countermeasure, drivers are particularly aware of
potential pedestrians’ activities. Therefore, a brake reaction time of 2.5 sec (used
typically for unexpected stimuli) is used to obtain the SSD. After the installation,
motorists expect to be more aware of the activities of pedestrians. Therefore, a brake
reaction time of 1 sec is used for SSD [89]. For a speed limit of 35 mph and a level grade,
the SSDs for the before and after study conditions are 246 ft and 169 ft respectively,
obtained using Equation 4.3.
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A landmark is established at a distance equal to the SSD upstream of the crosswalk
for both directions of travel. The yielding behavior of the motorist is observed only in the
presence of a pedestrian in the crosswalk or when a pedestrian is facing oncoming traffic
in the crosswalk while crossing. When the pedestrian first starts to cross, only drivers in
the first half of the roadway are scored for yielding. Once the pedestrian approaches the
middle of the roadway, the yielding behavior of motorists in the remaining lanes of the
second half of the crosswalk is scored. The yielding observations on motorists are
tabulated in terms of the percentage of motorists “yielding” and “not yielding” to
pedestrians. Motorists within the SSD in the presence of pedestrians in the crosswalk are
not scored. A motorist who allows pedestrians, who are already in the crosswalk to cross
is scored as “yielding to pedestrians.” On the contrary, motorists who speed up or take
other evasive actions such as changing lanes, etc., and who do not allow pedestrians to
cross safely are scored as “not yielding to pedestrians.” The yielding behaviors of the
motorists due to platoon effects of motorists behind the yielded motorists are not
recorded [90].
The space mean speed of the vehicles is determined to see if any changes in speed
occur between the before-and-after evaluation periods. A length of a segment of 120 ft
upstream from the edge of the crosswalk on either side is used to determine the speed.
The mean speed, median speed, and the 85* percentile speeds are obtained for three
scenarios: in the absence of pedestrians, while pedestrians are waiting to cross, and while
pedestrians are crossing.
The yielding distance upstream of the crosswalk in either direction is also recorded
for all motorists who yield to pedestrians. Curbs are marked on either side of the
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crosswalk at 10 feet intervals to measure the yielding distance. The yielding distance is
approximately estimated if motorists yielded, not parallel to the marking on the road, but
in between the markings on the curbs. When a vehicle or a pedestrian change the
intended path due to an action of either one of them, the outcome is considered a conflict.
Conflicts are also observed for both before and after evaluation periods.
1.1. Yielding Proportion
Data are stratified and analyzed for morning and evening peak hours based on total
observations. The percentage of motorists yielding is obtained for both before and after
study evaluation periods. The z-test for two proportions, a statistical tool, is used to
determine if the proportions obtained during the two study periods are significantly
different [81].
Let ?B = proportion of vehicles yielding during the “before” period
Pa

= proportion of vehicles yielding during the “after” period

The null hypothesis (Hq) is that the percentage of motorists yielding during “before”
period

(P b )

and “after” period

(P a )

is the same. The alternative hypothesis

percentage of motorists yielding during “after”

(P a )

(Ha)

is the

period is greater than the percentage

of motorists yielding during “before” period (P b). They are expressed as follows:
H o :P b = P a

Ha: Pa < PA
The one-tail test for proportions is used to test these hypotheses at a 95 percent
confidence level.
Let Xb = number of vehicles yielding in the “before” period, out of a total of Ub vehicles
Xa = number of vehicles yielding in the “after” period, out of a total of Ua vehicles
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The population proportions
Pa —^A /

and % are estimated by the sample proportions:

and Pg = Xg / ng

For large sample sizes, the two sample proportions are approximately and normally
distributed [82], and the z-test for testing the equality of the two proportions vs. the 1sided alternative can be used. The test statistic used is Zo, and is defined as follows:
Pa-PA

P(]1 - P

Where,

P=

1

—

+

1

\

ng+nA

Zo is distributed approximately N (0, 1) when Hq is true.
The significant probability or P-value for equality of proportions vs. the 1-sided
alternative is calculated by:
P-value = P(Z < Zo)
The null hypothesis is rejected if the P-value < 0.05 (for 95% confidence level).
1.2. Speeds

A paired t-test and Welch-Satterthwaite t-test are used to compare if speeds are
statistically different at two evaluation periods at the 95 percent confidence level. The
Welch-Satterthwaite t-test is used when the assumption that the two populations have
equal variances seems unreasonable. It is used to identify the difference between means
of independent samples.
Let Pb = population mean during before evaluation period,
nB = number o f observations during before evaluation period,

Xg = sample mean of ng observations,
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Sg = sample variance of observations during before study.
Similarly,

pa> ha,

and Sg are the population mean, number of observations,

sample mean, and sample variance of after evaluation period, respectively.
The null hypothesis of equal means for “before” and “after” periods vs. the 1-sided
alternative is expressed as:
Ho:

Pb - P a =

0

Ha:

Pb - P a >

0

The test statistic computed from the sample is:

trt = -

Xr - X a
o2 ^

^

I

np

nA

The distribution of the test statistic when

Hq

is true is

a

t-distribution with

approximate degree of freedom given by [81]:

The significance probability or P-value for equality of means vs. the 1-sided
alternative is calculated by:
P-value = F(U/> to)
If the obtained P-value is greater than the critical a-value, i.e., 0.05 at the 95 percent
confidence level, then

Hq

is accepted. Similarly, if the P-value is less than the a-value,

then Hq is rejected at the 95 percent confidence level.
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1.3. Yielding Di stance
The Welch-Satterthwaite t-test is used to compare the yielding distance before and
after the installation of a countermeasure. The null hypothesis is the equality in the means
of yielding distances before study period, Pby, and after study period, pay vs. the 1-sided
alternative is expressed as:
Ho: Pby = HAY
Ha: Pby < Pay
The P-value for the Welch-Satterthwaite t-test in this case is given by:
P-value = P(% > |to|)
The null hypothesis of equal means is rejected, if P-value < 0.05 at a 95 percent
confidence level.
2. Pedestrian Countdown Signal based on Pedestrian Actions
Based on the MOEs, before and after data are collected at morning and evening peak
periods. A before-and-after study strategy is used to compare the collected data during
conventional pedestrian signal and after the installation of the pedestrian countdown
signals. The MOEs from the two study periods are converted to proportions. A z-test for
two proportions is used to compare the significant difference in two study periods.
Let Pb = proportion of pedestrians’ behavior during the “before” period
Pa = proportion of pedestrians’ behavior during the “after” period
The null hypothesis (Ho) is that the proportions of pedestrians’ behavior during
“before” period (Pb) and “after” period (Pa) are the same. The alternative hypothesis (Ha)
is the proportion of pedestrians’ behavior during “after” (Pa) period is greater than the
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proportion of pedestrians’ behavior during “before” period

(P b).

These hypotheses are

expressed mathematically as follows:
Ho:P b = P a
Ha:PB<PA

The one-tail test for proportions is used to test these hypotheses at the 95 percent
confidence level.
Let Xb = number of pedestrians observed for a particular behavior in the “before” period,
out of a total of ub pedestrians
Xa = number of pedestrians observed for a particular behavior in the “after” period,
out of a total of Ua pedestrians
The population proportions P^ and Pg are estimated by the sample proportions:
PA ^ X ^ / n ^ ' and Pu = X g / n g
For large sample sizes, the two sample proportions are approximately and normally
distributed [82], and the z-test for testing the equality of the two proportions vs. the 1sided alternative can be used. The significant probability for equality of proportions vs.
the 1-sided alternative is calculated by:
P-value = P(Z < Zo)
The null hypothesis is rejected, if the P-value < 0.05 (for 95% confidence level).
3. Portable Speed Trailers
The two-sample t-test is used to find any differences in speeds before and after

deployment of a portable speed trailer. The significance level for this test is done at the
95 percent confidence level.
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4. High Visibility Crosswalks, Regulatory Signs for Motorists, and Advance Yield
Markings
Pedestrians who are trapped in the middle of roadway while crossing, motorists
yielding, and evasive actions are obtained in proportions of the total observations.
Therefore, z-test for two proportions is used to evaluate these MOEs. The two sample ttest is used to evaluate vehicle speed and pedestrian delay.
5. In-roadway Knockdown Signs
The z-test for two proportions and a paired t-test are used to compare two sets of data
in two study periods. Most of the MOEs are obtained in terms of proportion of the total
observations. The z-test for two proportions is used to evaluate any differences in before
and after study periods. Paired t-test is used to evaluate differences in pedestrian delay
and vehicle speeds. The description of these statistical tools was discussed earlier.
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CHAPTER 5

ANALYSES AND DISCUSSION OF RESULTS
This chapter contains the results of the analyses of various countermeasures discussed
in Chapters 3 and 4. The results of the evaluation of the countermeasures for the “before”
and “after” periods are discussed here. The results include data analyses of
countermeasures such as “Median refuge,” “Danish offset,” “High visibility crosswalks,”
“Advance yield markings,” “Warning signs for motorists,” “In-roadway knockdown
signs,” “Pedestrian activated flashing yellow,” “Pedestrian countdown signals,” “Portable
speed trailer,” “Intelligent transportation systems (ITS) based pedestrian detection
devices,” “Smart lighting,” and “Pedestrian button that confirm press.”
As discussed in Chapter 4, countermeasures were deployed in different stages. Some
countermeasures were implemented individually, and some in combinations. The data
collection was performed for baseline conditions, as well as after individual stages. The
results are analyzed for evaluating the effectiveness of countermeasures at various
selected test sites. As mentioned in earlier, a total of 8 sites were selected for this study.
The data are presented for each site separately to show the effectiveness of one or more
countermeasures after each stage. The baseline results are compared with the results of

each stage to determine the overall effectiveness of countermeasures. Also, the results of
different stages are compared with each other to measure the incremental effect of the
countermeasures installed in the later stage. For a clear understanding, the results are
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shown both in tabular format and graphical format. Data were collected for various
pedestrian and motorist measures of effectiveness (MOEs) during morning and evening
peak periods (7:00 a.m. to 9:00 a.m. and 4:00 p.m. to 7:00 p.m.). For ease of comparison,
pedestrian and motorist MOEs are analyzed separately and are presented in different
tables. The observed values are tested using statistical methods to evaluate the statistical
significance of these changes. All the statistical analyses are performed using a statistical
software. Mini tab 15 [91]. The statistical tests are performed for a fixed confidence
interval of 95 percent (a=0.05). Some of the results are shown for 99.9 percent
confidence interval (a=0.001), just to show the effectiveness of the countermeasures. The
next section summarizes the analyses for each of the sites individually.

5.1.

Maryland Parkway / Dumont Street

The location of Maryland Parkway and Dumont Street after the installation of all the
countermeasures is shown in Figure 5.1 (a) and (b).

(a) Median Refuge, Danish Offset and High Visibility Crosswalk
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(b) Advance Yield Markings and “Yield Here to Pedestrians” Sign
Figure 5.13. Maryland Pkwy. and Dumont St. after the installation of countermeasures

Data were collected at the intersection of Maryland Parkway and Dumont Street for
three stages. The countermeasures installed in different stages are as follows:
Stage 1: Danish offset, Median refuge. High visibility crosswalk
Stage 2: Advance yield markings. Yield here to pedestrian signs (+ Stage 1)
Stage 3: Pedestrian activated flashing yellow (+ Stage 2)
The MOEs presented in Tables 5.1 and 5.2 represent the safety MOEs for pedestrians
and motorists respectively. Table 5.3 presents the mobility MOEs for both pedestrians
and motorists. The statistical test results obtained after the comparison are shown in
Tables 5.4 through 5.7.
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5.1.1. Safety MOEs
5.1.1.1. Pedestrian MOEs
Table 5.1 summarizes the data collected for pedestrian MOEs at the Maryland
Parkway and Dumont Street site. It can be seen that the percent pedestrians who look for
vehicles before beginning to cross and before crossing the second half of street is 100
percent. Also, the percent of captured pedestrians is 100 percent. Pedestrians who divert
their path to utilize the facility are not found during baseline period. Data shows that 12
percent of the pedestrians are trapped in the roadway. Data obtained for stage 1, stage 2
and stage 3 are shown in Table 5.1.
The implementation of stage 1 and stage 2 countermeasures showed decrease in the
percent of pedestrians who look for vehicles before beginning to cross and before
crossing the second half of street when compared to baseline. However, in stage 3, an
increase is found when compared to stage 1 as well as stage 2. A continuous increase in
the percentage of diverted pedestrian is seen at all stages. On the other hand, the
countermeasures showed reduction in the percent of trapped pedestrians at each stage, as
well as increase the percent of diverted pedestrians.
5.1.1.2. Motorist MOEs
Table 5.2 summarizes the data collected for motorist MOEs at this site. The data
indicates that the percent of drivers yielding to pedestrians continuously increased in
stages 1 and 2, but a significant decrease was found in stage 3. The proportion of drivers
yielding to pedestrians at a distance less than 10 ft decreased and the yielding distances
increased at all three stages. Note that baseline data for drivers yielding distance is not
collected. There was a decrease in the proportion of drivers blocking the crosswalk.
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Table 5.11. Results for pedestrian MOEs at Maryland Pkwy. and Dumont St.

C/)
C/)

Measures of Effectiveness
(Safety)

CD

8

3.
3

Percent pedestrians who look for vehicles
before beginning to cross
Percent pedestrians who look for vehicles
before crossing 2”^half of street
Percent of captured pedestrians
Percent of diverted pedestrians
Percent of pedestrians trapped in the roadway

Baseline
Sampie size = 631
Proportion
Nb

Stage 1
Sample size = 266
Proportion
N,

Stage 2
Sample size =198
Proportion
Nz

Stage 3
Samp e size = 452
Proportion
N3

631

1.00

255

(196

185

OjG

452

1.00

631

1.00

251

0.94

180

0.91

452

1.00

631

1.00
0.00
0.12

241
25
17

0.91
0.09
0.06

177
21
7

0.89
0.11
0.04

381
71
9

0.84

0
73

0.16
0.02

"

CD
CD

"O
O
Q.
C

a
o
3
"O
o
CD

Table 5.12. Results for motorist MOEs at Maryland Pkwy. and Dumont St.
Measures of Effectiveness
(Safety)

Q.

Percent of drivers yielding to pedestrians

■CDD

Distance driver stops/yields
before crosswalk

< 10 feet
10-20 feet
>20 feet

C/)
C/)

Percent of drivers blocking crosswalk

Basehne
Sample size = 432
Proportion
Nb
138
0 J&
Sample size =138

Stage 1
Sample size = 370
Ni
Proportion
170
0.46
Sample size = 170

-

Sample size = 432
-

109
36

0.64

0.21
25
0.15
Sample size = 370
12
043

94

Stage 2
Sample size = 246
Proportion
Nz
0.76
188
Sample size =188
85
0A5
0.46
87
16
0.09
Sample size = 246
8
043

Stage 3
Sample size = 1633
Proportion
N3
0.14
227
Sample size = 227
34
0.15
154
0.68
39
0.17
Sample size = 1633
6
0.004

5.1.2. Mobility MOEs
5.1.2.1. Pedestrian Delay
The average pedestrian and vehicle delay measured at this location for different
stages is shown in Table 5.3. The average pedestrian delay at baseline conditions is 3.82
sec/ped. The installation of the countermeasures showed different effects on the average
pedestrian delay. Tlie deployment of advance yield markings and “yield here to
pedestrians” signs in stage 2 and pedestrian activated flashing yellow in stage 3 showed
higher pedestrian delay than that experienced during baseline period.
5.1.2.2. Vehicle Delay
Table 5.3 shows that the average vehicle delay continuously reduced after the
deployment of countermeasures in all three stages. Since no data were collected for the
baseline period, similar comparison could not be done.

Table 5.13. Delays at Maryland Pkwy. and Dumont St.
Measures of
Effectiveness (Mobility)
Average pedestrian delay
(sec/ped)
Average vehicular delay
(sec/veh)

5.1.3.

Baseline
Sample
Delay
size

Stage 1
Sample
Delay
size

Stage 2
Sample
Delay
size

Stage 3
Sample
Delay
size

631

3.82

266

21.03

198

7.46

452

13.57

-

-

370

5.78

246

3.81

1633

0.84

Statistical Analyses

5.1.3.1. Safety MOEs
The statistical results of the safety MOEs for the Maryland Parkway and Dumont
Street are shown in Tables 5.4 and 5.5. Table 5.4 shows the statistical results when the
data for baseline are compared with other stages. These results indicate that no significant
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increase is seen in the percent of pedestrians who look for vehicles before beginning to
cross, before crossing second half of street, and the percent of captured pedestrians
(P>0.05). A significant increase in the percent of diverted pedestrian is found (P<0.001).
The decrease in percent of pedestrians trapped in roadway is found to be statistically
significant. Table 5.5 shows statistical results obtained when stages 1 and 2, and stage 2
and 3 are compared. A comparison of stage 1 and stage 2 showed no significant increase
is seen in the percent of pedestrians who look for vehicles before beginning to cross,
before crossing second half of street, and, percent of captured and diverted pedestrians
(P>0.05). However, a significant increase is seen in the percent of pedestrians who look
for vehicles before beginning to cross, before crossing second half of street, and the
percent of diverted pedestrians when stages 2 and 3 are compared (P<0.05).
A significant increase in the percent of drivers yielding to pedestrians is found when
stages 1 and 2 are compared with baseline data (P<0.001), however no significant
increase is found in stage 3. The significant increase in the percent of drivers yielding to
pedestrians at a distance greater than 10 ft is found when stages 1 2 and 3 are compared.
5.1.3.2. Mobility MOEs
Tables 5.6 and 5.7, show the results of the statistical analyses of the mobility MOEs
for the Maryland Parkway and Dumont Street site. The statistical analyses show no
change in the pedestrian delay when baseline data are compared with stages 1, 2 and 3
(P>0.05), a significant decrease is seen stage 2 is found when compared to stage 1.
The reduction in average vehicle delay from stage 1 to stage 2 is not significant
(P>0.05), but the reduction from stage 2 to stage 3 is statistically significant (P<0.001).
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Table 5.14. Statistical test results of safety MOEs at Maryland Pkwy. and Dumont St.
Measures of Effectiveness
(Safety)
MOEs below are tested for Hq: Pbefore= Paüer vs.
Percent pedestrians who look for vehicles
before beginning to cross
Percent pedesüians who look for vehicles
before crossing 2”^half of street

Baseline vs. Stage 1
P-value
Ho
P a -P i

<0.001

Do not
reject
Do not
reject
Do not
reject
Reject

<0.001

<0.05

>0.05

0.06

>0.05

Percent of captured pedestrians

0.09

>0.05

CD

Percent of diverted pedestrians

-0.09

CD

Percent of drivers yielding to pedestrians

-0.14

C

MOE below is tested for Ho: Pbefoie^ Pafter vs.

"

■D
O
Q.
a
O
3
■D
O

Percent of pedestrians trapped in the roadway

Baseline vs. Stage 3
Ho
Pa-Pg P-value

Pailer > Pbefore

0.04

3.
3

Baseline vs. Stage 2
Ho
Pb -P 2 P-value

<0.001

Do not
reject
Do not
reject
Do not
reject
Reject

-0.44

<0.001

0.08

<0.001

0.07

>0.05

0.09

>0.05

0.11

>0.05

-0.11

Reject

Reject

0.00

-

-

0.00

-

-

0.16

>0.05

-0.16

<0.001

Reject

0.18

>0.05

Reject

0.10

<0.001

Do not
reject
Reject
Do not
reject

Pa%r< Pbefore

0.05

CD

Q.

■CDD
C /)
C /)
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Table 5.15. Statistical test results of safety MOEs between stages at Maryland Pkwy. and Dumont St.

C/)
C/)

CD
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CD
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3
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Measures of Effectiveness
(Safety)
MOEs below are tested for Hq: P b e f o r e = P a t t e r vs.
Percent pedestrians who look for vehicles
before beginning to cross
Percent pedestrians who look for vehicles
before crossing 2 °^ half of street
Percent of captured pedestrians
Percent of diverted pedestrians
Percent of drivers yielding to pedestrians
Distance driver stops/yields
10-20 ft
before crosswalk
> 2 0 ft
hfOEs below are tested for Hq. P b e to r e — P a t t e r vs.
Distance driver stops/yields
<10 A
before crosswalk
Percent of drivers blocking crosswalk
Percent of pedestrians trapped in the roadway

P i

H a:

Stage 1 vs. Stage 2
P-value
Ho
- P i
P a t t e r > Pbefore

Stage 2 vs. Stage 3
Ho
P2 - P 3 P-value

0.02

>0.05

Do not reject

-0.07

<0.001

Reject

(103

>0.05

Do not reject

-0.09

<0.001

Reject

0.01
-0.01
-0.30
-&25
0.06

>0.05
>045
<0.001
<0.001
<045

Do not reject
Do not reject
Reject
Reject
Reject

0.05
-0.05
0.63

>0.05
<045
>045

-&22

< 0 .0 0 1

-0.09

<045

Do not reject
Reject
Do not reject
Reject
Reject

H a . P a f te r " ^ P b e f o r e

0H9

< 0 .0 0 1

Reject

0.30

<0.001

Reject

0 .0 0

>045
>045

Do not reject
Do not reject

0.03

<045
>0.05

Reject
Do not reject

0.03

0.02

Table 5.16. Statistical test results of mobility MOE at Maryland Pkwy. and Dumont St.

C /)
C /)

Measures of Effectiveness
(Mobility)
MOE below is tested for H o :
Average pedestrian delay
(sec/ped)

Baseline vs. Stage 1
Difference
P-value
H o
in Mean
P b e t o r e = P a t t e r vs. H g : P a t t e r < P b e f o r e
Do not
-17.21
>045
reject

Baseline vs. Stage 2
Difference
P-value
H o
in Mean
-344
98

>0.05

Do not
reject

Baseline vs. Stage 3
Difference
P-value
Ho
in Mean
-9.75

>0.05

Do not
reject

Table 5.17. Statistical test results of mobility MOEs between stages at Maryland Pkwy.
and Dumont St.
Measures of
Effectiveness
(Mobility)

Stage 1 vs. Stage 2
Difference
P-value
Ho
in Mean

MOEs below are tested for Hq: P b e fo re = P a fte r vs.
Average pedestrian
13.57
<0.001
delay (sec/ped)
Average vehicular
1.97
>0.05
delay (sec/ped)

Stage 2 vs. Stage 3
Difference
P-value
Ho
in Mean

P a fte r< Pbefore

Reject

-6.11

>0.05

Do not
reject

Do not
reject

2.97

<0.001

Reject

5.1.4. Summary
The results indicate that the installation of the countermeasures has a positive effect
in reducing the number of pedestrians trapped in the roadway and increasing the
proportion of drivers yielding to pedestrians, thereby increasing the safety of the
pedestrians. The countermeasures also results in an increase in the number of pedestrians
using the crosswalk (increase in number of diverted pedestrians). The countermeasures
have a positive effect in reducing the vehicular delay at the location of Maryland
Parkway and Dumont Street.

5.2.

Harmon Avenue: Paradise Road to Tropicana Wash

The location of Harmon Avenue from Paradise Road to Tropicana Wash is a
midblock location. The countermeasures were installed in three stages at this location.
The after condition of Harmon Avenue from Paradise Road to Tropicana Wash is shown
in Figure 5.2.
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Figure 5.14. Harmon Ave.: Paradise Rd. to Tropicana Wash (After scenario)

The countermeasures deployed are as follows:
Stage 1: Median refuge, High visibility crosswalk
Stage 2: Advance yield markings, “Yield Here to Pedestrian” signs (+ Stage 1)
Stage 3: In-Roadway Knockdown Signs (+ Stage 2)
Tables 5.8 through 5.10 represent the various pedestrian and motorist MOEs for
safety and mobility. The results of the statistical tests for the safety MOEs comparing the
baseline conditions with each stage, and between the stages are shown in Tables 5.11 and

5.12, respectively. Tables 5.13 and 5.14 show the analyses of statistical results for the
mobility MOEs for pedestrians and motorists. These results and the effectiveness of the
various countermeasures implemented are discussed next.
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5.2.1. Safety MOEs
5.2.1.1. Pedestrian MOEs
From Table 5.8, for baseline, the percent of pedestrians who look for vehicles before
beginning to cross and before crossing second half of the roadway are 77 and 86
respectively. About 18 percent of the pedestrians are diverted and 3 percent of
pedestrians are trapped in the roadway for the baseline period. The installation of
countermeasures in stage 1 increased the percent of pedestrians who look for vehicles
before beginning to cross and before crossing second half of the street to 100 percent.
The percent of diverted pedestrians increased to 20 percent after stage 1. The percent of
pedestrians trapped in the roadway increased to 9 percent. The percent of pedestrians
looking for vehicles before beginning to cross and before crossing second half of the
street is remained at 100 percent at stages 2 and 3. There are no pedestrians trapped in the
roadway after the installation of countermeasures in stages 2 and 3.
5.2.1.2. Motorist MOEs
In Table 5.9, the baseline data indicate that about 22 percent of drivers yield to
pedestrians. Since, the location is a midblock, there are no data available for the distance
the driver stop/yield before crosswalk and percent of drivers blocking crosswalk. After
stage 1, the percent of drivers yielding to pedestrians increased to 46 percent. Fifty
percent of the drivers yielded at a distance less than 10 feet, 45 percent between 10 feet to
20 feet, and 5 percent at greater than 20 feet. About 2 percent of the drivers blocked the
crosswalk after stage 1. The installation of advance yield markings and yield here to
pedestrians increased the percent of drivers yielding to pedestrians to 53 percent. The
percent of drivers stopping at a distance greater than 10 feet increased to 71 percent.
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About 3 percent of the drivers blocked the crosswalk in stage 2 compared to 2 percent in
stage 1. Stage 3 data indicate that the percent of drivers yielding to pedestrians is 22
percent, compared to 53 percent in stage 2. The percent of driver stops/yields before the
crosswalk at a distance of 10 to 20 feet was 69 percent in stage 3, and 3 percent of the
drivers block the crosswalk.
5.2.2. Mobility MOEs
5.2.2.1. Pedestrian Delay
Table 5.10 shows the average pedestrian and vehicle delay at the various stages. For
the baseline conditions, the average pedestrian delay is 19.27 sec/ped. After the
installation of the countermeasures in stage 1, the average pedestrian delay decreased to
approximately 7.0 sec/ped. The deployment of advance yield markings and “Yield here to
pedestrians” signs reduced the delay to 6.05 sec/ped. The implementation of in-roadway
knockdown signs decreased the delay to 8.71 sec/ped. This is a decreasing delay from
baseline data, but comparing with stages 1 and 2 , there was an increase in delay.
5.2.2.2. Vehicle Delay
The baseline data are not available for this location. The vehicle delay at stage 1 is
2.45 sec/veh, stage 2 is 2.48 sec/veh and stage 3 is 1.3 sec/veh. There is a slight increase
in vehicle delay at stage 2 when compared to stage 1. At stage 3, the vehicle delay is
reduced compared to stages 1 and 2 .
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Table 5.18. Results of pedestrian MOEs at Harmon Ave.: Paradise Rd. to Tropicana Wash

C/)
C/)

Measures of Effectiveness
(Safety)

8
(O '

3.
3

Percent pedestrians who look for vehicles
before beginning to cross
Percent pedestrians who look for vehicles
before crossing 2”^ half of street
Percent of captured pedestrians
Percent of diverted pedestrians
Percent of pedestrians trapped in the roadway

"

Baseline
Samp e size= 1951
Proportion
Nb

Stage 1
Sample size = 388
Proportion
Ni

Stage 2
Sample size = 293
Proportion
Nz

Stage 3
Sample size = 297
Proportion
N,

1510

0.77

388

1.00

293

1.00

297

1.00

1680

0.86

388

1.00

293

1.00

297

1.00

1592

042

309

359
62

0.18
0.03

79
37

0.79
0.20
0.09

247
46
0

0.84
0.16
0.00

268
29

0.90
0.10
0.00

0

CD
CD

"O
O
Q.
C
a

Table 5.19. Results of motorist MOEs at Harmon Ave.: Paradise Rd. to Tropicana Wash

o
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CD
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Measures of Effectiveness
(Safety)
Percent of drivers yielding to pedestrians
Distance driver stops/yields
before crosswalk

< 1 0 feet
10-20 feet
>20 feet

C /)
C /)

Percent of drivers blocking crosswalk

Baseline
Sample size = 77
Proportion
Nb
17
0.22
Sample size = 17
NA
NA
NA
Sample size = 77
NA

Stage 1
Sample size = 284
Proportion
Ni
132
0.46
Sample size =132
0.50
66
59
0.45
7
045
Sample size = 284
6
0.02

103

Stage 2
Sample size =158
Proportion
Nz
0.53
84
Sample size = 84
19
0.23
0.71
60
5
0.06
Sample size =158
5
0.03

Stage 3
Sample size = 400
Proportion
Nz

89

0J2

Sample size = 89
25
028
61
049
3
0.03
Sample size = 400
11
0.03

Table 5.20. Delays at Harmon Ave.: Paradise Rd. to Tropicana Wash
Measures of
Effectiveness (Mobility)
Average pedestrian
delay (sec/ped)
Average vehicular delay
(sec/veh)

Baseline
Sample
Delay
size

Stage 1
Sample
Delay
size

Stage 2
Sample
Delay
size

Stage 3
Sample
Delay
size

1951

19.27

388

6.98

293

6.05

297

8.71

-

-

284

2.45

158

248

400

1.3

5.2.3. Statistical Analyses
5.2.3.I. Safety MOEs
Tables 5.11 and 5.12 show the results of statistical tests for the safety MOEs. Table
5.11 shows that the increase in the percent of pedestrians looking for vehicles before
beginning to cross and before crossing second half of the street is statistically significant
(P<0.001). There is not sufficient evidence for any increase in captured and diverted
pedestrians for stage 1 (P<0.05). However, the increase in percent of diverted pedestrians
in stage 2 and captured pedestrians in stage 3 are significant compared to baseline
(P<0.001). The installation of countermeasures in stage 1 did not reduce the percent of
pedestrians trapped in the roadway compared to baseline (P>0.05). However, stages 2
and 3 had a positive effect in reducing the percent of pedestrians trapped in the roadway
compared to the baseline (P<0.001). The installation of in-roadway knockdown signs
significantly reduced the percent of pedestrians trapped in the roadway to zero percent
(P<0.001).
There is a significant increase in the percent of drivers yielding to pedestrians in
stages 1 and 2 compared to the baseline (P<0.001). Not enough statistical basis exists to
support the increase in percent of drivers yielding to pedestrians in stage 2 compared to
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stage 1. There is no significant decrease in the percent of drivers who block the crosswalk
compared between stages as shown in Table 5.12 (P>0.05).
5.2.3.2. Mobility MOEs
Significant decreases in the average pedestrian delay are observed in stages 1, 2 and
3, compared with the baseline period as shown in Table 5.13 (P<0.001). There is no
sufficient evidence to prove that there is a significant decrease in the pedestrian delay
between the stages as shown in Table 5.14. The average vehicle delay decreased in stage
2 compared to stage 1 and it is statistically significant (P<0.001).
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Table 5.21. Statistical test results of safety MOEs at Harmon Ave.: Paradise Rd. to Tropicana Wash
Measures of Effectiveness
(Safety)

Baseline vs. Stage 1
P-value
Ho
Pb - P i
MOEs below are tested for Ho: Pwore= Pafter vs. %: Pafter > Pbefore
Percent pedestrians who look for vehicles
-0.22
Reject
<0.001
before beginning to cross
Percent pedestrians who look for vehicles
Reject
<0.001
-0T3
before crossing 2“*half of street
Do not
Percent of captured pedestrians
0.019
>0.05
reject
Do not
>0.05
Percent of diverted pedestrians
41019
reject

Baseline vs. Stage 2
P-value
Ho
Pb -P2

Baseline vs. Stage 3
Ho
Pb - P s P-value

4122

<0.001

Reject

4122

<0.001

Reject

-0.13

<0.001

Reject

-0.13

<0.001

Reject

-0.027

>0.05

Do not
reject

-0.08

<0.001

Reject

-0.08

0.001

Reject

048

>0.05

CD

■D
O
Q .

Percent of drivers yielding to pedestrians

-4.24

<0.001

Reject

-0.31

<0.001

Reject

-0.001

>0.05

>0.05

Do not
reject

043

<0.001

Reject

04 3

<0.001

Do not
reject
Do not
reject

C

a
O
3
■D
O

MOE below is tested for

P b e fo re = P a tte r

vs.

Percent of pedestrians trapped in the roadway

P a tte r < Pbefore

-0.06

CD

Q.

■CDD
C /)
C /)
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Reject
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Table 5.22. Statistical test results of safety MOEs between stages at Harmon Ave.: Paradise Rd. to Tropicana Wash
Stage 1 vs. Stage 2

Measures of Effectiveness
(Safety)

P 1- P 2

MOEs below are tested for H q: P b e f o r e = P a f t e r vs. Hg:
Percent pedestrians who look for vehicles
0.00
before beginning to cross
Percent pedestrians who look for vehicles
0.00
before crossing 2 ™
*half of street
-0.04
Percent of captured pedestrians
0.04
Percent of diverted pedestrians
Percent of drivers yielding to pec estrians
-0.06
<10 ft
0.27
Distance driver stops/yields
10-20 ft
-0.26
before crosswalk
-0.006
>20 A
MOEs below are tested for Hq: P b e fo re =
Percent of drivers blocking crosswalk
Percent of pedestiians trapped in the
roadway

P a fte r

P-value

Stage 2 vs. Stage 3

Ho

P2 —P3

P-value

Ho

Reject
Reject
Do not Reject
Do not Reject
Do not Reject
Do not Reject
Do not Reject

P a fte r > P b e fo re

0.00
0.00

>005
>0.05
<0.001
>0.05

Do not Reject
Do not Reject
Do not Reject
Do not Reject
Reject
Do not Reject

0 40
-0.05
0.02
002

<0.05
<0.05
>0.05
>0.05
>0.05
>0.05

vs.
P a fte r< Pbefore
-0.01
>0.05

Do not Reject

0.004

>005

Reject

0 .0 0

0.09

0.057
>0.05

<0.001

-0.05
0.05

Table 5.23. Statistical test results of mobility MOE at Harmon Ave.: Paradise Rd. to Tropicana Wash

C /)
C /)

Measures of Effectiveness
(Mobility)

Baseline vs. Stage 1
Difference
P-value
Ho
in Mean

Baseline vs. Stage 2
Difference
P-value
Ho
in Mean

Baseline vs. Stage 3
Difference
P-value
Ho
in Mean

MOE below is tested for H q: Pbefore= Pate vs. Hg: Pafier< Pbefore

Average pedestrian delay
(sec/ped)

12.29

<0 .0 0 1

Reject

13.22

107

<0.001

Reject

10.56

<0.001

Reject

Table 5.24. Statistical test results of mobility MOEs between stages at Harmon Ave.
Paradise Rd. to Tropicana Wash
Measures of Effectiveness
(Mobility)

Stage 1 vs. Stage 2
Difference
P-value
Ho
in Mean

Stage 2 vs. Stage 3
Difference
P-value
Ho
in Mean

MOEs below are tested for Hq: Pbefore= Pate vs. H^: Pafter< Pbefore
Average pedestrian delay
(sec/ped)
Average vehicular delay
(sec/ped)

0.93

>0.05

-0.03

>0.05

Do not
reject
Do not
reject

-246

>0.05

Do not
reject

1.18

<0.001

Reject

5.3.4. Summary
The installation of Median refuge, high visibility crosswalk, advance yield markings,
“Yield here to pedestrians” signs, and in-roadway knockdown signs have significant
impact in increasing the percent of pedestrians who look for vehicles before beginning to
cross, before crossing second half of the street, and diverted pedestrians. This indicates
that the countermeasures create awareness in pedestrians to look for potential threats
before they step on to the road. Reducing the number of pedestrians trapped in the
roadway makes the roadway much safer, and for increased usage of the crosswalk instead
of jaywalking.
Decreasing the pedestrian delay is a key consideration, so that the pedestrian will not
be frustrated waiting for an acceptable gap to cross the street. The increase in the
proportion of drivers yielding to pedestrians, and yielding at a distance greater than 10
feet improves the safety (comfort zone) for pedestrians. Reducing the vehicle delay
increases the mobility of the vehicles.
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5.3.

Twain Avenue: Palos Verdes Street to Swenson Street

Twain Avenue from Palos Verdes Street to Swenson Street is a midblock location.
Data were collected during morning and evening peak periods. Two countermeasures
were installed; one in each stage at this location. The after condition of this site is shown
in Figure 5.3.

Westbound

Eastbound

Speed Tiailer

attoh df Speed
Figure 5.15. A viewgraph of Twain Ave.: Palos Verdes St. to Swenson St.

The countermeasures installed are as follows:
Stage 1: In-Roadway Knockdown Signs
Stage 2: Portable Speed Trailer (+ Stage 1)
Data were collected for various pedestrian and motorist MOEs and the summarized
results are shown in Tables 5.15 to 5.18. The results of the statistical tests for the safety
MOEs comparing the baseline conditions with each stage, and between stages are shown
in Tables 5.19 and 5.20, respectively. The analyses of statistical results for the mobility
MOEs are shown in Tables 5.21 and 5.22.
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5.3.1. Safety MOEs
5.3.1.1. Pedestrian MOEs
From Table 5.15, it can be seen that the percent of pedestrians who look for vehicles
before beginning to cross and before crossing second half of the roadway increased from
80 to 100, and from 85 to 100. This indicates that the in-roadway knockdown signs have
positive effect with respect to these MOEs. No change in the percent of captured or
diverted pedestrians is observed. The percent of pedestrians trapped in the roadway
reduced from 41 percent in baseline to 34 percent in stage 1, and to 37 percent in stage 2.
5.3.1.2. Motorist MOEs
Table 5.16 shows the percent of drivers yielding to pedestrians in different stages as a
measure of motorist MOE. The baseline data indicate that about 7 percent of drivers
yielded to pedestrians. The installation of in-roadway knockdown increased the percent
of drivers yielding to pedestrians to 35 in the second stage. The use of speed trailer in
stage 2 shows that the proportion of drivers yielding to pedestrian MOE is 0.29. Since the
location is a midblock, the distance of drivers stopping/yielding before crosswalk and the
percent of drivers blocking the crosswalk are not applicable.
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Table 5.25. ReSults of pedestrian MOEs at Twain Ave.: Palos Verdes St. to Swenson St.
Measures of Effectiveness
(Safety)
Percent pedestrians who look
for vehicles before beginning
to cross
Percent pedestrians who look
for vehicles before crossing
2 “**half of street
Percent of captured
pedestrians
Percent of diverted
pedestrians
Percent of pedestrians
trapped in the roadway

Baseline
Sample size =165
Proportion
Nb

Stage 1
Sample size = 47
Proportion
Ni

Stage 2
Samp e size =156
Nz Proportion

132

0.80

47

1.00

156

1.00

141

0.85

47

1.00

156

1.00

165

1.00

47

1.00

156

1.00

0

0.00

0

0.00

0

0.00

68

0.41

16

0.34

58

047

Table 5.26. Results of motorist MOE at Twain Ave.: Palos Verdes St. to Swenson St.

Measures of Effectiveness
(Safety)
Percent of drivers yielding to
pedestrians

Baseline

Stage 1

Sample size = 141

Sample size = 79

Nb

Proportion

Ni

Proportion

10

0.07

28

1345

Stage 2
Sample size =
119
Nz Proportion
35

0.29

5.3.2. Mobility MOEs
5.3.2.1. Pedestrian Delay
The average pedestrian and vehicle delay measured at this location are shown in
Table 5.17 for different stages. The average pedestrian delay increased in stage 1 and
stage 2 when compared to the baseline data.
5.3.2.2. Vehicle Delay
When compared to the baseline data, the vehicular delay increased in stage 1 as well
as in stage 2 .
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5.3.2.3. Vehicle Speed
Table 5.18 shows the mean speed values at different stages. The existing condition
mean speeds in eastbound and westbound direction are 40 mph and 35 mph, respectively.
The installation of in-roadway knockdown signs reduced the speeds to 34.5 mph and 28.5
mph, in the eastbound and westbound direction, respectively. The difference of the mean
speeds between the existing condition and after stage 1 is approximately 6 mph. Similar
trends are observed in westbound direction. The deployment of speed trailer further
decreases the speed in the eastbound direction to 31.9 mph. The mean speed in the
westbound direction is reduced to 31.3 mph from 35 mph in the baseline period.

Table 5.27. Delays at Twain Ave.: Palos Verdes St. to Swenson St.
Measures of Effectiveness
(Mobility)
Average pedestrian delay
(sec/ped)
Average vehicular delay
(sec/veh)

Baseline
Sample
Delay
size

Stage 1
Sample
Delay
size

Stage 2
Sample
Delay
size

164

0.81

47

12.19

156

14.72

141

0.18

79

3.23

119

2.49

Table 5.28. Speeds at Twain Ave.: Palos Verdes St. to Swenson St.
Measures of Effectiveness
(Mobility)
Eastbound (mph)
Westbound (mph)

Baseline
Sample Mean
size
speed
150
40.0
35.0
200

Stage 1
Sample Mean
size
speed
100
34.5
100
28.5

Stage 2
Mean
Sample
size
speed
250
31.9
250
31.3
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5.3.3. Statistical Analyses
5.3.3.1. Safety MOEs
The results of the statistical tests for safety MOEs are shown in Tables 5.19 and 5.20.
The results when the baseline data and stage 1 data are compared, shows that the increase
in percent pedestrian who look for vehicles before beginning to cross and before crossing
2"^ half of street are significant. These results indicate that the deployment of
countermeasures resulted in the improvement in pedestrian safety. The percent of
diverted pedestrian and captured pedestrians also did not change between the various
stages. The statistical significance could not be established by comparing stage 1 data
with stage 2 data since no change in the proportions of this MOE is found. The increase
in drivers yielding to pedestrians is found to be significant in both cases as seen in Table
5.19. The results were not statistically significant when the percent of pedestrians trapped
in the roadway in stage 1 and stage 2 are compared with the baseline data.
Comparing the data for stage 1 and stage 2, no change in the proportions of
pedestrians who look for vehicles before crossing and before crossing the 2 “*^ half of
street, captured and diverted pedestrians is seen. However, from Table 5.20, it can be
seen that the percent of drivers yielding to pedestrians and the percent of pedestrians
trapped in roadways are not significantly different.
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Table 5.29. Statistical test results at Twain Ave.: Palos Verdes St. to Swenson St.

C/)

o'

3
O

8
(O '

3.
3

Baseline vs. Stage 1
P-value
Pb - P i

Measures of Effectiveness
(Safety)
MOEs below are tested for %: P b e fo re = P a fle r vs. % : P j f t e r < Pbefore
Percent pedestrians who look for vehicles before beginning to cross
Percent pedestrians who look for vehicles before crossing 2“*half of street
Percent of captured pedestrians
Percent of diverted pedestrians
Percent of drivers yielding to pedestrians
M O E

below is tested for H o :

P b e fo re = P a fte r

vs. H ^ :

-0.20

&28

<0.001
<0.001
No change
No change
<0.001

0.07

>0.05

-0.14

Ho

Baseline vs. Stage 2
P-value
Pb -P2

Reject
Reject

Reject

-022

No change
No change
No change
No change
<0.001

Do not
Reject

0.04

>0.05

Ho

Reject

P a ite r < Pbefore

"

CD
CD

Percent of pedestrians trapped in the roadway

■D
O
Q.
C
a
o

3

■D
O
CD

Table 5.30. Statistical test results between stages at Twain Ave.: Palos Verdes St. to Swenson St.

Q.

Measures of Effectiveness
(Safety)

■CDD
C /)
C /)

P1 - P 2

MOEs below are tested for H o : P b e & re = P a fte r vs. H ^ : P a fte r< Pbefore
Percent pedestrians who look for vehicles before beginning to cross
Percent pedestrians who look for vehicles before crossing 2" ‘‘ half of street
Percent of captured pedestrians
Percent of diverted pedestrians
Percent of drivers yielding to pedestrians
M[OE below is tested for H o .

Pbefore— P a fte r

vs. H ^ .

Stage 1 vs. Stage 2
P-value

Ho

0.06

No change
No change
No change
No change
>0.05

Do not Reject

-0.03

>0.05

Do not Reject

0.00
0.00
0.00

0.00

Pafter*^ Pbefore

Percent of pedestrians trapped in the roadway
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Do not
Reject

5.3.3.2. Mobility MOEs
The results of statistical tests for the significance of the mobility MOE is shown in
Tables 5.21 and 5.22. Statistical tests revealed no significant difference in results
obtained for average pedestrian delay and average vehicle delay.
The decrease in eastbound mean speed is found to be significant for all three cases as
seen in Tables 523 and 5.24. The decrease in the westbound mean speed, when baseline
data is compared with stage 1 and stage 2 is found to be significantly different. However,
difference obtained when the westbound mean speed for stage 1 and stage 2 is compared
is not significantly different as seen in Table 5.24.

Table 5.31. Statistical test results of mobility MOEs at Twain Ave.: Palos Verdes St. to
Swenson St.
Measures of
Baseline vs. Stage 1
Effectiveness
Difference
P-value
Ho
(Mobility)
in Mean
MOEs below are tested for Hq: P b e fo re = P after vs. Hg: P a fte r<
Average pedestrian
Do not
-11.38
>0.05
delay (sec/ped)
Reject
Average vehicle delay
Do not
-3.05
>0.05
(sec/ped)
Reject

Baseline vs. Stage 2
Difference
PHo
in Mean
value
Pbefore

-13.91

>&05

-2.31

>0.05

Do not
Reject
Do not
Reject

Table 5.32. Statistical test results of mobility MOEs between stages at Twain Ave.: Palos
Verdes St. to Swenson St.
Measures of Effectiveness
Stage 1 vs. Stage 2
(Mobility)
Difference in Mean P-value
Ho
MOEs below are tested for H o : P b e fo re = P a fte r v s . H g : P a f te r < Pbefore
Average pedestrian delay (sec/ped)
-253
>0.05
Do not Reject
Average vehicle delay (sec/ped)
0.74
>0.05
Do not Reject
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Table 5.33. Statistical test results of speed at Twain Ave.: Palos Verdes St. to
Swenson St.
Measures Of
Baseline vs. Stage
Baseline vs. Stage 2
Effectiveness
Difference in
Difference in
P-value
P-value
Ho
Ho
(Mobility)
Mean Speed
Mean Speed
MOEs below are tested for H q: P b e fo re = P a fte r vs. H a: P a fte r< Pbefore
Eastbound (mph)
5.50
8.10
<0.001 Reject
<0.001 Reject
Westbound (mph)
6.50
<0.001 Reject
<0.001 Reject
320

Table 5.34. Comparison of speed between stages at Twain Ave.: Palos Verdes St. to
Swenson St.
Measures of Effectiveness
Stage 1 vs. Stage 2
(■Mobility)
Difference in Mean P-value
Ho
MOEs below are tested for H o : P b e fo re = P a tte r vs. H a : P a fte r< Pbefore
Eastbound (mph)
<0.001
Reject
2.60
Westbound (mph)
-2.80
Do not Reject
>0.05

5.3.4. Summary
The installation of in-roadway knockdown signs and portable speed trailer increased
the percent of drivers yielding to pedestrians. This in turn makes roadway safer for the
pedestrians crossing the street. The decrease in the vehicle travel speed at this location
makes the countermeasures very effective strategy where speeding is an issue.

5.4.

Lake Mead Boulevard: Belmont Street to McCarran Street

The Lake Mead Boulevard site from Belmont Street to McCarran Street is a midblock
location. Multiple countermeasures were installed in a single stage at this location. The
countermeasures installed include:
Stage 1: Danish offset, Median refuge, High visibility crosswalk. Advance yield
markings and “Yield Here to Pedestrian” signs
116
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The various pedestrian and motorist MOEs and the summarized results are shown in
Tables 5.25 and 5.26 respectively. The mobility MOEs are shown in Table 5.27. The
results of the statistical tests for the safety and mobility MOEs comparing the baseline
conditions with stage 1 are shown in Table 5.28 and 5.29, respectively.
5.4.1. Safety MOEs
5.4.1.1. Pedestrian MOEs
From Tablé 5.25, it is clear that the percent of pedestrians who look for vehicles
before beginning to cross and before crossing second half of the street increased from 96
and 92 percent to 100 percent, respectively. The percent of captured pedestrians
decreased from 100 percent to 84 percent, but the percent of diverted pedestrians
increased from zéro to 16 percent. There is drastic a decrease in the percent of pedestrians
trapped in the roadway from 62 percent to 5 percent after stage 1.

Table 5.35. Results of pedestrian MOEs at Lake Mead Blvd.; Belmont St. to McCarran
St.
Measures of Effectiveness
(Safety)
Percent pedestrians who look for vehicles
before beginning to cross
Percent pedestrians who look for vehicles
before crossing 2 "^ half of street
Percent of captured pedestrians
Percent of diverted pedestrians
Percent of pedéstrians trapped in the roadway

Baseline
Sample size = 61
Nb Proportion

Stage 1
Sample size =123
Proportion
N,

59

0.96

123

1.00

56

0.92

123

1.00

61

103

0

1.00
0.00

38

&62

7

0.84
0.16
0.05

20

5.4.1.2. Motorist MOEs
There is a 37 percent increase in the percent of drivers yielding to pedestrians from
baseline to stage 1 as shown in Table 5.26. There is an increase in the proportion of
117
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drivers stopping/yielding at a distance less than 10 feet. A nominal increase was noted in
the percent of drivers blocking the crosswalk in stage 1 compared to baseline period.

Table 5.36. Results of motorist MOEs at Lake Mead Blvd.: Belmont St. to McCarran St.
Baseline
Sam]pie size = 296
Proportion
Nb
8
0.03
Sample size = 8
2
025
6
0.75

Measures of Effectiveness
(Safety)
Percent of drivers yielding to pedestrians
Distance driver stops/yields
before crosswalk

< 1 0 feet
10-20 feet
>20 feet

0

0.00

Sample size = 296
Percent of drivers blocking crosswalk

-

Stage 1
Sampie size =117
Proportion
Ni
0.40
46
Sample size = 46
15
029
22
0.49
9
0.19
Sample size =117
3
0.06

5.4.2. Mobility MOEs
5.4.2.1. Pedestrian Delay
The baseline data indicates that the average pedestrian delay is 21.43 sec/ped. The
average pedestrian delay is reduced by 11.90 sec/ped from baseline conditions to stage 1.
5.4.2.2. Vehicle Delay
The average vehicle delay in the baseline period is 0.24 sec/ped and in stage 1, the
delay is 2.16 sec/ped. Table 5.27 shows the comparison of average vehicle delay at stage
1 and baseline.

Table 5.37. Delays at Lake Mead Blvd.: Belmont St. to McCarran St.
Measures of Effectiveness
(Mobility)
Average pedestrian delay (sec/ped)
Average vehicular delay (sec/veh)

Baseline
Sample size Delay
61
21A3
0.24
296

Stage
Sample size
84
117
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Delay
9.53
2.16

5.4.3. Statistical Analyses
5.4.3.1. Safety MOEs
There is no significant increase in the percent of pedestrians who look for vehicles
before beginning to cross and percent of captured pedestrians in stage 1 compared with
baseline data (P>0.05). The MOEs that have significant effect include the following:
increase in the percent of pedestrians who look for vehicles before crossing second half
of the street, and the percent of diverted pedestrians in stage 1 compared with baseline
(P<0.05). The reduction in the percent of pedestrians trapped in the roadway in stage 1 is
also statistically significant (P<0.001).
The results provide evidence that there is a significant increase in the percent of
drivers yielding to pedestrians in stage 1 compared to the baseline period (P<0.001).
There is a significant increase in the number of drivers stopping/yielding at a distance
greater than 20 feet after the installation of countermeasures mentioned in stage 1
(P<0.001). The complete results of the statistical analyses of safety MOEs for pedestrians
and drivers are shown in Table 5.28.
5.4.3.2. Mobility MOEs
Table 5.29 provides a summary of the tests for statistical significance of the results
obtained for pedestrian and vehicle delays. There is a significant decrease in the average
pedestrian delay in stage 1 compared to baseline (P=0.001). There is not enough evidence
that there is a significant decrease in the average vehicle delay (P>0.05).
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Table 5.38. Statistical test results of safety MOEs at Lake Mead Blvd.: Belmont St. to
McCarran St.
Baseline vs. Stage 1
P-value
Ho
P a -P i
MOEs below are tested for Hq: Pbefore—Pafter vs. H^: Pafter^ Pbefore
Percent pedestrians who look for vehicles
-0.03
>0.05
Do not Reject
before beginning to cross
Percent pedestrians who look for vehicles
-0.08
<0.05
Reject
before crossing
half of street
Percent of captured pedestrians
0.16
>0.05
Do not Reject
Percent of diverted pedestrians
-0.16
<0.001
Reject
Percent of drivers yielding to pedestrians
<0.001
Reject
-026
<10 ft
-0.07
>0.05
Do not Reject
Distance driver stops/yields
>0.05
Do not Reject
10-20 ft
027
before crosswalk
>20 ft
-0.19
<0.001
Reject
MOE below is tested for H q: Pbefore= Pafter vs. H a: Pafter< Pbefore
Percent of pedestrians trapped in the roadway
0.56
<0.001
Reject
Measures of Effectiveness
(Safety)

Table 5.39. Statistical test results of mobility MOEs at Lake Mead Blvd.: Belmont St. to
McCarran St.
Baseline vs. Stage 1
P-value
Ho
P a -P i
MOEs below are tested for H q: Pbefore= Pafter vs. H a: Pafter > Pbefore
Average pedestrian delay (sec/ped)
11.90
0.001
Reject
Average vehicular delay (sec/ped)
-1.92
>0.05
Do not Reject
Measures of Effectiveness
(Mobility)

5.4.4. Summary
The results clearly show the impact of the deployed countermeasures in reducing the
waiting time of the pedestrians before beginning to cross and the time spent in the middle
of the roadway. Maryland Parkway and Dumont Street is a location with similar
countermeasures installed without advance yield markings and “Yield Here to
Pedestrian” signs in stage 1. The results at both the sites indicate that the
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countermeasures are effective in increasing the safety of the pedestrians by decreasing the
percent of trapped pedestrians in roadway and increasing the drivers yielding behavior.

5.5.

Bonanza Road: D Street and F Street

Data were collected on Bonanza Road between the intersection of Bonanza Road and
D Street, and Bonanza Road and F Street, during the morning and evening peak periods.
The countermeasures were installed in two stages at this location. The countermeasures
installed in different stages are as follows:
Stage 1: In-roadway knockdown signs
Stage 2: High visibility crosswalk (+ Stage 1)
5.5.1. Safety MOEs
5.5.1.1. Pedestrian MOEs
The baseline data indicate that 100 percent of the pedestrians look for vehicles before
beginning to cross the roadway and before crossing the second half of the street. The
installation of in-roadway knockdown signs in stage 1 and high visibility crosswalk in
stage 2 also maintained the MOEs at 100 percent as shown in Table 5.30. An increase in
the percent of Captured pedestrians is observed after the installation of the in-roadway
knockdown signs in the stage 1. Thus the proportion of diverted pedestrians reduced. A
different effect is seen in stage 2 , where the percent of captured pedestrians decreased
and the percent of diverted pedestrians increased as shown in Table 5.30. A slight
increase is seen in the proportion of pedestrians trapped in the roadway during stage 1.
However, after the installation of the high visibility crosswalk, the proportion of
pedestrians trapped in the roadway reduced to zero.
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5.5.1.2. Motorist MOEs
The data collected under the MOEs related to motorists are shown in Table 5.31. The
proportion of drivers yielding to pedestrians reduced continuously from 0.74 in the
baseline to 0.47 in stage 1 to 0.00 in stage 2. The data indicate that the installation of
countermeasure in stage 1 resulted in a greater proportion of drivers yielding at a distance
greater than 10 ft. Also, the percent of drivers blocking the crosswalk reduced in stage 1
when compared to baseline period.

Table 5.40. Results of pedestrian MOEs at Bonanza Rd.: D St. to F St.
Measures of Effectiveness
(Safety)

Baseline
Sample size =197
N b Proportion

Stage 1
Samp]e size = 333
Proportion
Ni

197

1.00

333

1.00

18

1.00

197

1.00

333

1.00

18

1.00

146
51

0.74

289

026

44

0.87
0.13

11
7

029

9

0.05

32

0.09

0

0.00

Percent pedestrims who look for
vehicles before beginning to cross
Percent pedestrians who look for
vehicles before crossing 2"^ half
of street
Percent of captured pedestrians
Percent of diverted pedestrians
Percent of pedestrians trapped in
the roadway

Stage 2
Sample size = 18
N2 Proportion

0.61

Table 5.41. Results of motorist MOEs at Bonanza Rd.: D St. to F St.
Measures of Effectiveness
(Safety)
Percent of drivers yielding to
pedestrians
Distance driver
stops/yields before
crosswalk

< 1 0 ft
10-20 ft
>20 ft

Percent of drivers blocking
crosswalk

Baseline
Sam )le size = 89
Nb Proportion
66

0.74

Sample size = 66
46
0.70
10
0.15
10
0.15
Sampie size = 77
5

0.07

Stage 1
Sample size = 106
Proportion
N i

Stage 2
Sample size = 25
Proportion
N2

50

0

0.47

Sampie size = 50
20
0.40
15
020
15
020
Sample size = 284
3

0.06

0.00

Sampie size = 0
Sample size = 0
-

-
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5.5.2.

Mobility MOEs

5.5.2.1. Pedestrian Delay
The average pedestrian delay measured at this location is shown in Table 5.32. An
increase in pedestrian delay is observed during stage 1, however, it is reduced in stage 2 .
The reductions can be attributed to the installation of the countermeasures at this location.

Table 5.42. Delay at Bonanza Rd.: D St. to F St.
Measures of Effectiveness
(Mobility)
Average pedestrian delay (sec/ped)

5.5.3.

Baseline
Sample
Delay
size

197

8.06

Stage 1
Sample
Delay
size

333

12.56

Stage 2
Sample
Delay
size

18

6.29

Statistical Analyses

5.5.3.I. Safety MOEs
Since the proportions of pedestrians who look for vehicles before beginning to cross
and before crossing 2 “^ half of the street are 1.0 0 , statistically, the null hypothesis cannot
be accepted proving no significant changes in the results. The statistical test indicate a
significant increase in the percent of captured pedestrians during stage 1 when compared
to the baseline data (P<0.001). The increase is not statistically significant when stage 2
results are compared with baseline as well as stage 1 data (P>0.05). The percent of
pedestrians trapped in the roadway significantly reduced in stage 2 when compared to the
baseline as well as with stage 1 data (P=0.001). The results are shown in Tables 5.33 and
5.34.
The results show no significant increase in percent of drivers yielding to pedestrians
and no significant decrease in percent of drivers blocking crosswalk (P<0.05). The
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increase in the proportion of drivers stopping/ yielding at a distance greater than 10 ft is
statistically significant (P<0.05).
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Table 5.43. Statistical test results of safety MOEs at Bonanza Rd.: D St. to F St.

C/)
C/)

Measures of Effectiveness
(Safety)

8
(O '

3.
3
"

CD
CD

■D
O
Q.
C
a
o

3

■D
O

MOEs below are tested for Hg: Pwom—
vs.
Percent pedestrians who look for vehicles
before beginning to cross
Percent pedestrians who look for vehicles
before crossing
half of street
Percent of captured pedestrians
Percent of diverted pedestrians
Percent of drivers yielding to pedestrians
<10 ft
Distance driver stops/yields before
10-20 ft
crosswalk
>20 ft

Baseline vs. Stage 1
PR -P i

P-value

Ho

Baseline vs. Stage 2
Pb -P2

P-value

Ho

0.13
-0.13
0.74

No
Change
No
Change
>0.05
>005
>0.05

Do not Reject
Do not Reject
Do not Reject

P ^ > Pbefoœ

-0.12
0.12
026
029
-0 2 6
-0.006

No
Change
No
Change
<0.001
>0.05
>0.05
>0.05
<0.05
<045

MOEs below are tested for H q: Pbefore= Pafter vs. Ha: Pafter< Pbefore
Percent of drivers blocking crosswalk
0.01
>0.05
Percent of pedestrians trapped in the roadway
-0.05
>005

CD

Q.

■CDD
C /)
C /)
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Reject
Do not Reject
Do not Reject
Do not Reject
Reject
Reject
Do not Reject
Do not Reject

-

0.04

0.001

Reject

Table 5.44. Statistical test results o f safety M OEs between stages at Bonanza Rd.:
D St. to F St.

Stage 1 vs. Stage 2

Measures of Effectiveness
(Safety)

P1- P 2

MOEs below are tested for Ho: Pbefore= Pafter vs. Ha: Pafter > Pbefore
Percent pedestrians who look for vehicles before
beginning to cross
Percent pedestrians who look for vehicles before
crossing 2"“ half of street
Percent of captured pedestrians
0.25
Percent of diverted pedestrians
-0.25
Percent of drivers yielding to pedestrians
0.47
MOE below is tested for H q: Pbefore= Pafter vs. Ha: Pafter< Pbefore
Percent of pedestrians trapped in the roadway
0.09

P-value

Ho

No
change
No
change
>0.05
<0.05
>0.05

Do not Reject
Reject
Do not Reject

<0.001

Reject

5.5.3.2. Mobility MOEs
There is no Significant reduction in the average pedestrian delay in stages 1 and 2
compared to the baseline as shown in Table 5.35 (P>0.05). But a significant decrease is
seen in stage 2 when compared to stage 1 as seen in Table 5.36 (P<0.05).

Table 5.45. Statistical test results of mobility MOE at Bonanza Rd.: D St. to F St.
Baseline vs. Stage 1
Difference
P-value
Ho
in Mean
MOE below is tested for H q: Pbefore= Pafter vs. Ha: Pafter< Pbefore
Average pedesti nn delay
Do not
-4.50
>0.05
(sec/ped)
Reject
Measures of Effectiveness
(Mobility)

Baseline vs. Stage 2
Difference
P-value
Ho
in Mean
1.77

>0.05
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Do not
Reject

Table 5.46. Statistical test results o f m obility M OE stages 1 and 2 at Bonanza Rd.
D St. to F St.

Measures of Effectiveness
(Mobility)

Stage I vs. Stage 2
Difference in Mean P-value

MOE below is tested for H q: Pbefore= Pafter vs. H a: ?after< Pbefore
Average pedestrian delay (sec/ped)
<0.05
6.27

Ho

Reject

5.5.4. Summary
The installation of in-roadway knockdown signs and a high visibility crosswalk is
effective for reducing the proportion of pedestrians trapped in the roadway and increasing
the proportion of pedestrians using the crosswalk to cross the street. The increase in the
proportion of drivers yielding at a greater distance provides improved safety to
pedestrians crossing the roadway. The decrease in the average pedestrian delay in stage 2
indicates that the high visibility crosswalk provides improved mobility.

5.6.

Charleston Boulevard: Spencer Street to 17* Street

The study site of Charleston Boulevard from Spencer Street to 17* Street is a
midblock location. Countermeasures are installed in two stages at this location. The
installed countermeasures include:
Stage 1: Warning signs for motorists, High visibility crosswalk. Advance yield markings
Stage 2: ITS Pedestrian detection device. Smart lighting (+ Stage 1)
The results of the safety MOEs are summarized in Tables 5.37 and 5.38. At this
location, innovative ITS pedestrian detection device with smart lighting is installed to
address the high proportion of nighttime crashes. Results of the statistical tests for the
safety MOEs comparing the baseline conditions with each stage and between stages are
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shown in Tables 5.41 and 5.42 respectively. The overall summary and results of
statistical analyses of delays and vehicle speed are shown in Tables 5.39 and 5.40, and
Tables 5.43 to 5.45, respectively.
5.6.1. Safety MOEs
5.6.1.1. Pedestrian MOEs
The percent of pedestrians who look for vehicles before beginning to cross and before
crossing second half of the roadway is 100 in the baseline, stage 1, and stage 2 as shown
in Table 5.37. Data show that the countermeasures installed in stage 2 resulted in increase
in the number of diverted pedestrians. In addition, the percent of pedestrians trapped in
roadway reduced for each stage of the installation of the countermeasures.
5.6.1.2. Motorist MOEs
Data collected for the evaluation of motorist MOEs are summarized in Table 5.38.
The deployment of countermeasures in stage 1 and stage 2 increased the proportion of
drivers yielding to pedestrians compared to the baseline period. Also, an increase in the
proportion of drivers who stop/yield to pedestrians at a distance greater than 10 feet is
seen. However^ 12 percent of drivers blocked the crosswalk during stage 2 data
collection.
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Table 5.47. Results o f pedestrian M OEs at Charleston Blvd.: Spencer St. to 17* St.

C/)
C/)

8
(O '

3.
3
"

CD

Measures of Effectiveness
(Safety)
Percent pedestrians who look for vehicles
before beginning to cross
Percent pedestrians who look for vehicles
before crossing I"'* half of street
Percent of captured pedestrians
Percent of diverted pedestrians
Percent of pedestrians trapped in the roadway

Baseline
Sample size = 24
Nb Proportion

Stage 1
Sampie size = 44
Proportion
Ni

Stage 2
Sample size = 84
Proportion
Na

24^

LOB

44

1.00

84

1.00

24

1.00

44

1.00

84

1.00

24

LOO

44

0

0.00
0J 8

0

1.00
0.00

70
14

13

0.30

12

083
0.17
0.14

9
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Table 5.48. Results of motorist MOEs at Charleston Blvd.: Spencer St. to 17* St.
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Measures of Effectiveness
(Safety)
Percent of drivers yielding to pedestrians

■D

CD
C /)
C /)

Distance driver
stops/yields before
crosswalk

< 1 0 feet
10-20 feet
>20 feet

Percent of drivers blocking crosswalk

Baseline
Sample size = 50
Proportion
Nb
3
0.06
Samp] e size = 3
2
0.67
0
1

0.00

033
Sample size = N/A
N/A
N/A
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Stage 1
Sample size = 91
Proportion
Ni
20

(122

Sample size = 20
8
0.40
0.50
10
0

0.00

Sample size = 20
0

0.00

Stage 2
Sample size =116
Proportion
Na
41
0.35
Sample size = 41
14
0.34
9
0.22
5
0.12
Sample size = 41
5
0.12

5.6.2. Mobility MOEs
The average pedestrian and vehicle delay measured at this location is shown in Table
5.39 for different stages. The average travel speed of the vehicle is shown in Table 5.40.
5.6.2.1. Pedestrian Delay
The average pedestrian delay for the baseline conditions is 15.42 sec/ped. After the
installation of the countermeasure in stage 1, the average pedestrian delay decreased to
7.52 sec/ped. The average pedestrian delay decreased to 3.82 sec/ped in stage 2.
5.Ô.2.2. Vehicle Delay
Average vehicular delay increased in stage 1 as well as in stage 2. The increase in
vehicular delay is greater in stage 2 .
5.6.2.3. Vehicle Speed
The mean of the observed speeds on eastbound and westbound direction, at the
baseline conditions is 32.2 mph and 24.9 mph, respectively. An increase in the mean
speed is observed in both directions during stage 1 when compared to baseline.

Table 5.49. Delays at Charleston Blvd.: Spencer St. to 17* St.
Measures of Effectiveness
(Mobility)
Average pedestrian delay
(sec/ped)
Average vehicular delay
(sec/veh)

Baseline
Sample
Delay
size

Stage 1
Sample
Delay
size

Stage 2
Sample
Delay
size

24

15.42

44

7 j2

84

50

0.34

91

0.74

116
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2.16

Table 5.50. Speeds at Charleston Blvd.: Spencer St. to 17* St.
Measures of Effectiveness
(Mobility)
Eastbound (liiph)
Westbound (mph)

Baseline
Sample size Mean speed
322
266
250
24.9

Sta;F 1
Sample size Mean speed
172
334
302
223

5.6.3. Statistical Results
5.6.3.1. Safety MOEs
The increase in the percent of captured pedestrian is statistically significant when
stage 2 is compared with baseline. The percent of increase in the diverted pedestrians
from baseline to stage 2, and stage 1 to stage 2 is statistically significant (P<0.001). There
is a significant decrease in the percent of pedestrians trapped in the roadway to 23 percent
in stage 2 from baseline condition and 15 percent in stage 2 from stage 1 (P<0.05).
From Tables 5.41 and 5.42, it can be seen that there is a significant increase in the
percent of drivers yielding to pedestrians from the baseline to stage 1 (P<0.05), the
baseline to stage 2 (P<0.001), and stage 1 to stage 2 (P<0.05). Therefore, there is
sufficient evidence to reject the null hypothesis at a 95 percent confidence level. The
increase in the percent of drivers yielding distance (10 feet to 20 feet) to 50 and 22 in
stage 1 and stage 2 , respectively from zero percent in the baseline are statistically
significant (P<0.001). There is no significant increase in the percent of drivers blocking
the crosswalk from stage 1 to stage 2 at this location as shown in Table 5.42 (P>0.05).
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Tablé 5.51. Statistical test results of safety MOEs at Charleston Blvd.:
Spencer St. to 17* St.
Measures of Effectiveness
(Safety)

Baseline vs. Stage 1
P-value
Ho
P b - Pi

MOEs below are tested for H q: Pbefore= Pafter vs.
Percent pedestrians who look for
vehicles before beginning to cross
Percent pedestrians who look for
vehicles before croSfing 2”**half of street

-0.15

<10 feet

0.56

>0.05

10-20 feet

-0.40

<0.001

>20 feet

-0.16

>0.05

Percent of diverted pedestrians
Percent of drivers yie ding to pedestrians
Distance driver
stops/yields before
crosswalk

Pafter > Pbefore

No
Change
No
Change
No
Change
No
Change
<0.05

Percent of captured pedestrians

Baseline vs. Stage 2
P-value
Ho
P s-P z

MOE below is tested for H q: Pbefore= Patter vs. Ha: Pafter< Pbefore
Percent of pedestrians trapped in the
0.07
>0.05
roadway

No
Change
No
Change

Reject
Do not
Reject
Reject
Do not
Reject
Do not
Reject

0.16

>0.05

Do not
Reject

-0.16

<0.001

Reject

-0.29

<0.001

022

>0.05

-0.34

<0.001

0.11

>0.05

Reject
Do not
Reject
Reject
Do not
Reject

0.23

<0.05

Reject

Table 5.52. Statistical test results of safety MOEs between stages at Charleston Blvd.
Spencer St. to 17* St.
Measures of Effectiveness
(Safety)

P i -P i

Stage 1 vs. Stage 2
P-value

Ho

MOEs below are tested for
Pbefo«= Pafter vs. Ha: Pafter > Pbefore
Percent pedestrians who look for vehicles
No Change
before beginning to cross
Percent pedestrians who look for vehicles
No Change
before crossing 2“**half of street
>0.05
Percent of captured pedestrians
0.16
Percent of diverted pedestrians
-0.16
<0.001
<0.05
Percent of drivers yielding to pedestrians
-0.13
<10 feet
-0.33
<0.001
Distance driver
stops/yields before
10-20 feet
0.05
>0.05
crosswalk
>0.05
>20 feet
028

Do not Reject
Reject
Reject
Reject
Do not Reject
Do not Reject

MOEs below are tested for H q: Pbefoœ= Pafter vs. Ha: Pafter< Pbefore
Percent of pedestrians trapped in the roadway
0.15
<0.05
-0.12
Percent of drivers blocking crosswalk
>0.05

Reject
Do not Reject
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5.6.3.2. Mobility MOEs
Even though there is a reduction in pedestrian delay from stage 1 to stage 2, it is not
statistically significant (P>0.05). There is no significant change in the average vehicle
delay in baseline, stage 1 and stage 2 as shown in Tables 5.43 and 5.44 (P>0.05).
Therefore, the effectiveness of the countermeasures installed at this location has no
significant effect in reducing the average vehicular delay. The statistical significance of
change in the average speed of the vehicle in stage 1 to baseline is shown in Table 5.45.

Table 5.53. Statistical test results of mobility MOEs at Charleston Blvd.:
Spencer St. to 17* St.
Baseline vs. Stage 1
Difference
P-value
Ho
in Mean
MOEs below are tested for H q: Pbetore= Pafter vs.
Pafter< Pbefore
Average pedestrian delay
Do not
7.90
>0.05
(sec/ped)
Reject
Average vehicle delay
Do not
-0.40
>0.05
(sec/ped)
Reject
Measures of Effectiveness
(Mobility)

Baseline vs. Stage 2
Difference
P-value
Ho
in Mean
11.60

<0.05

Reject

-E82

>0.05

Do not
Reject

Table 5.54. Statistical test results of mobility MOEs between stages at Charleston Blvd.
Spencer St. to 17* St.
Stage 1 vs. Stage 2
Measures of Effectiveness
(Mobility)
Difference in Mean P-value
Ho
MOEs below are tested for Hq: Pberoie= Pafter vs. Hg: Pafter< Pbefore
>0.05
Do not Reject
Average pedestrian delay (sec/ped)
320
-1.42
Do not Reject
>0.05
Average vehicle delay (sec/ped)

133

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 5,55. Statistical test results of vehicle speed at Charleston Blvd.
Spencer St. to 17* St.
Baseline vs. Stage 1
Difference in
P-value
Ho
Mean Speed
MOEs below are tested for H q: P b e fo re = P a fte r vs. H a : P a fle r< Pbefore
Do not Reject
Eastbound (mph)
-1.20
>0.05
Westbound (mph)
>0.05
Do not Reject
-5^0
Measures of Effectiveness
(Mobility)

5.6.4. Summary
It is clear that implementation of ITS pedestrian detection device and smart lighting
has a significant effect in increasing the percent of diverted pedestrians and decreasing
the percent of pedestrians trapped in the roadway, thereby increasing the pedestrian
safety. The installation of warning signs for motorists, high visibility crosswalk, and
advance yield markings do not show significant effect in reducing the vehicles speed at
this location.

5.7.

Flamingo Road / Koval Lane

The various countermeasures installed in two stages at this signalized intersection
location are as follows:
Stage 1: High visibility crosswalk
Stage 2: Pedestrian countdown signs with animated eyes (+ Stage 1)
For the intersection of Flamingo Road and Koval Lane, data collected for the
pedestrian and motorist MOEs are summarized in Tables 5.46 and 5.47. Statistical tests
were performed for the safety MOEs for both pedestrians and motorists comparing the
baseline conditions with each stage and comparing the individual stages at a 95 percent
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confidence level. The results are shown in Tables 5.49 and 5.50. The effectiveness of the
installed countermeasures is discussed below.
5.7.1. Safety MOEs
5.7.1.1. Pedestrian MOEs
From Table 5.46, the percent of captured and diverted pedestrians is 100 and 0,
respectively for both baseline condition and stage 1. The installation of high visibility
crosswalk in stage do not show any effect in increasing the percent signal cycles in which
the call button was pushed, the percent of pedestrians beginning their crossing during
WALK phase, and decreasing the frequency of pedestrian signal violation, percent of
pedestrians in crosswalk at the end of flashing DON’T WALK phase. However, the
countermeasure installed in stage 1 showed an increase in the percent of pedestrians who
look for vehicles before beginning to cross, and percent of pedestrians in the crosswalk at
the end of all-red phase. The deployment of pedestrian countdown with animated eyes in
stage 2 showed an increase in the percent signal cycles in which the call button has been
pushed, pedestrians who look for vehicles before beginning to cross, pedestrians
beginning their crossing during the WALK phase, and decrease in the percent of
pedestrians in the crosswalk at the end of all-red phase. The above results suggest that the
high visibility crosswalk and pedestrian countdown signal with animated eyes together
have a positive effect in increasing the pedestrian safety at the intersection of Flamingo
Road and Koval Lane.
5.7.1.2. Motorist MOEs
The installation of a high visibility crosswalk do not show an increase in the percent
of drivers yielding to pedestrians, and percent of drivers making a right turn on red
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(RTOR) who come to a complete stop. But on the other hand, the percent of drivers
blocking the crosswalk is reduced by 18 percent in stage 1 from baseline condition.
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Table 5.56. Results of safety MOEs for pedestrians at Flamingo Rd. and Koval Lane

C/)

o'

3
O

8
(O '

33

"

CD
CD

■D
O
Q.
C
a
o
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■D
O

Measures of Effectiveness
(Safety)
Percent of captured pedestrians
Percent of diverted pedestrians
Percent signal cycles in which call button
has been pushed
Percent pedestrians who look for vehicles
before beginning to cross
Frequency of pedestrian signal violation
Percent of pedestrians beginning their
crossings during the WALK phase
Percent of pedestrians in crosswalk at the
end of flashing DON'T WALK
Percent of pedestrians in crosswalk at the
end of All-Red

Baseline
Sample
size
442
442

Stage 2

Stage 1

Nb

Proportion

442

0

1.00
0.00

Sample
size
455
455

438

207

0.47

419

222

442

Sample
size

Ng

Proportion

455

0

1.00
0.00

307

145

0.47

235

188

0.80

0.53

380

240

0.63

235

203

0.86

22

0.05

303

17

0.05

235

11

0.05

439

232

0.52

455

234

0.51

544

436

0.80

430

127

0.30

455

140

0.31

544

269

0.50

430

39

0.09

455

14

0.03

544

29

0.05

Nb

Proportion

-

CD

Q.

Table 5.57. Results of safety MOEs for motorists at Flamingo Rd. and Koval Lane
■D

CD
C /)
C /)

Measures of Effectiveness
(Safety)
Percent of drivers yielding to pedestrians
< 5 feet
Distance driver stops/yields
5-10 feet
before crosswalk
>10 feet
Percent of drivers blocking crosswalk
Percent of drivers making RTOR who come to
a complete stop

Sample size
164
139
139
139
105

Baseline
Proportion
Nb
146
0.89
112
0.80
0.20
27
0
0.00
0.21
22

104

87

137

0.83

Sample size
278
19
19
19
88
88

Stage 1
N b Proportion
19
0.07
18
0.95
1
0.05
0
0.00
0.03
3
32

0.36

5.7.2. Statistical Analyses
5.7.2.1. Safety MOEs
The statistical tests showed that the installation of high visibility crosswalk do not
show a significant increase in the proportion of signal cycles in which the call button was
pushed. However, the installation of pedestrian countdown signs with animated eyes
shows significant effect in increasing the proportion of signal cycles in which the call
button was pushed, both when compared to the baseline as well as stage 1. A similar
effect is seen in the percent of pedestrians beginning their crossing during the WALK
phase. A significant increase in the percent of pedestrians who look for vehicles before
beginning to cross is found in stage 1 as well as in stage 2 when compared to the baseline
as seen in Table 5.48 and when stage 1 is compared with stage 2 (Table 5.49). The
countermeasures installed in stage 1 did not show significant increase in the percent of
drivers yielding to pedestrians and in the percent of drivers making RTOR who come to a
complete stop when compared to baseline. No change is seen in the proportion of drivers
stopping at distances greater than 10 ft in stage 1 in comparison to the baseline. A
comparison of stages 1 and 2 showed no significant difference in the frequency of
pedestrian signal violation, percent of pedestrians in crosswalk at the end of flashing
DON'T WALK and the percent of pedestrians in crosswalk at the end of All-Red.
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Table 5.58. Statistical test results of safety MOEs at Flamingo Rd. and Koval Lane
Baseline vs. Stage 1

Measures of Effectiveness
(Safety)

PB- P i

MOEs below are tested for % Pw m r Fafter vs.
Pafter^ 1^before
Percent of captured pedestrians
Percent of captured pedestrians
Percent signal cycles in which call button has been
0.0003
pushed
Percent pedestrians who look for vehicles before
-0.10
beginning to cross
Percent of pedestrians beginning their crossings during
0.01
the WALK phase
Percent of drivers yielding to pedestrians
Distance driver stops/yields before
crosswalk

MOEs below are tested for

■CDD
C/)
C/)

Pbefore= Pafter vs.

P-value

Ho

-

-

Do not
Reject

-0.32

<0.001

Reject

<0.05

Reject

-0.33

<0.001

Reject

-0.27

<0.001

Reject

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0.002

>0.05

-0.19

>0.05

0.03

<0.05

Do not
Reject
Do not
reject
Reject

-

-

-

>0.05

< 5 ft

-0.14

<0.05

5-10 ft

0.14

>0.05

Do not
Reject
Do not
Reject
Reject
Do not
Reject

No Change

0.47

Pb - P2

>0.05

>0.05

Percent of drivers making RTOR who come to a
complete stop

Ho

No Change
No Change

0.82

>10 ft
CD
Q .

P-value

Baseline vs. Stage 2

>0.05

Do not
reject

Pafter< Pbefore

Frequency of pedestrian signal violation
Percent of pedestrians in crosswalk at the end of flashing
DON’T WALK
Percent of pedestrians in crosswalk at the end of All-Red
Percent of drivers blocking crosswalk

-0.006

>0.05

-0.01

>0.05

0.06
0.17

<0.001

139

<0.001

Do not
Reject
Do not
Reject
Reject
Reject

Table 5.59. Statistical test results of safety MOEs for pedestrians between stages at
Flamingo Rd. and Koval Lane
Stage 1 vs. Stage 2

Measures of Effectiveness
(Safety)
MOEs below are tested for Hq: P w o r e = P a fte r vs. Hg: P a fte r >
Percent signal cycles in which call button has been
pushed
Percent pedestrians who look for vehicles before
beginning to cross
Percent of pedestrians beginning their crossings during
the WALK phase
MOEs below are tested for H q : P b e fo re =

P-value

Ho

-0.32

<0.001

Reject

-0.23

<0.001

Reject

-0.28

<0.001

Reject

P 1- P 2

P a fte r

vs. H a :

Pbefore

P a fte r< Pbefore

Frequency of pedestrian signal violation

0.009

>0.05

Percent of pedestrians in crosswalk at the end of flashing
DON'T WALK

-0.18

>0.05

Percent of pedestrians in crosswalk at the end of All-Red

-0.02

>0.05

Do not
Reject
Do not
Reject
Do not
Reject

5.7.3. Summary
The increment in the percent of pedestrians who pushed the call button, percent of
pedestrians who look for vehicles before beginning to cross the roadway, percent of
pedestrians beginning their crossing during the WALK phase during after the study
shows an indication of improving crossing behavior. The decrease in the percent of
pedestrians in the crosswalk at the end of all-red is an indication of increased safety for
pedestrians. The decrease in the percent of drivers blocking crosswalk indicates that
motorists are stopping/yielding far away from the pedestrians, thus increasing safety for
pedestrians.
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5.8.

Fremont Street; ô'** Street and 8* Street

Various countermeasures are deployed in three stages and data were collected on
weekdays at Fremont Street between 6 * Street and 8* Street. The countermeasures
installed at this site are as follows:
Stage 1: Portable speed trailer
Stage 2: In-roadway knockdown signs (+ Stage 1)
Stage 3: Pedestrian button that confirm press (+ Stage 2)
The results of the pedestrian and motorist MOEs are summarized in Tables 5.50, and
5.51 respectively. The average pedestrian delay at this site for each stage is shown in
Table 5.52. The statistical significance of the results obtained for all the stages is shown
in Tables 5.53 through 5.58.
5.8.1. Safety MOEs
5.8 .1.1. Pedestrian MOEs
Table 5.50 shows that 100 percent of the pedestrians look for vehicles before
beginning to Cross the roadway for all the stages including baseline period. No
pedestrians are trapped in the roadway in the baseline period. About 17 percent of the
pedestrians violated the signal in the baseline condition. The percent of pedestrians who
begin their crossing during WALK phase during the baseline period is 1 percent. The
deployment of portable speed trailer increased the percent of pedestrians trapped to 1
percent. The percent of pedestrians violating the signal reduced to 15 percent in stage 1
compared to the baseline. The installation of in-roadway knockdown signs in stage 2
increased the percent of pedestrians who begin their crossing during WALK phase to 79
percent compared to 1 percent in baseline. However, stage 1 data are not available for
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this MOE to compare the incremental effect from stage 1 to stage 2. The percent signal
cycles in which the call button has been pushed is 18 percent in stage 2. The installation
of pedestrian push button that confirm press increased the percent signal cycles in which
call button has been pushed increased to 39 percent. The frequency of pedestrian signal
violation decreased to 9 percent in stage 3 compared to other stages. About 0.4 percent of
the pedestrians are trapped in the roadway in stage 3.
5.8.1.2. Motorist MOEs
From Table 5.51, the percent of drivers yielding to pedestrians is 67 percent at
baseline. Six percent of the drivers blocked the crosswalk during the baseline period.
About 20 percent of the drivers stop/yield to pedestrians away from the stop bar. The
installation of the speed trailer in stage 1 decreased the percent of drivers blocking the
crosswalk to zero percent. The percent of drivers yielding to pedestrians decreased to 43
percent in stage 1 compared to the baseline period. In stage 2, about 96 percent of the
drivers yield to pedestrians, and 16 percent of the drivers block the crosswalk. The
installation of a pedestrian push button that confirms press increased the percent of
drivers yielding to pedestrians to 82 percent compared to the baseline and stage 1 , but
decreased when compared to stage 2. There are no pedestrians trapped in the roadway in
stage 3.
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Table 5.60. Results of safety MOEs for pedestrians at Fremont St.: 6^ St. to 8* St.

C/)
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CD
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CD
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3
"

CD
CD
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Q .

Baseline

Measures of Effectiveness
(Safety)
Percent of pedestrians trapped in the
roadway
Percent of pedestrians who look for
vehicles before beginning to cross
Frequency of pedestrian signal
violation
Percent of pedestrians who begin their
crossing during WALK phase
Percent signal cycles in which call
button has been pushed

Sample
Size

Nb

716

Stage 1

Stage 2

Sample
Proportion
Size

Stage 3

Nb

Proportion

Sample
Size

437

9

0Æ12

275

I:

0:004

1.00

437

437

1.00

275

275

1.00

78

0.15

437

63

0.14

275

24

0.09

-

-

-

202

159

0.79

248

176

0.71

-

-

-

202

36

0.18

174

67

0.39

Proportion

Sample
Size

Nb

Q

am

517:

5

aai

716

716

1.00

517

517

716

125

0.17

517

1013

11

0.01

-

-

-

Nb

Proportion
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Table 5.61. Results of safety MOEs for motorist at Fremont St.: 6 *^ St. to 8* St.
Measures of Effectiveness
(Safety)
Percent of drivers yielding to
pedestrians
at crosswalk
between crosswalk
Distance driver
and stop bar
stops/yields
before crosswalk away from stop
bar
Percent of drivers blocking crosswalk

Baseline

Stage 1

Proportion

Sample
Size

Nb

Proportion

25

0.96

22

18

0.82

25

13

0.52

18

9

0.50

0.92

25

7

0.28

18

5

0.28

1

0.08

25

5

0.20

18

4

0.22

0

0.00

25

4

0.16

22

0

0.00

Proportion

Nb

12

0.43

26

12

0

0.00

0.16

12

11

13

0.20

12

10

0.06

12

Nb

96

Stage 3

Stage 2
Sample
Size

Sample
Size

Proportion

Sample
Size

Nb

64

0.67

28

64

41

0.64

64

10

64

161
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5.8.2. Mobility MOEs
5.8.2.1. Pedestrian Delay
Table 5.52 Shows the results and a comparison of the average pedestrian delay at this
location at various stages. The average pedestrian delay at baseline period is 9.79 sec/ped.
There is a reduction in average pedestrian delay in stage 1 compared to baseline data. The
installation of in-roadway knockdown signs in stage 2 increased the pedestrian delay to
56.25 sec/ped. Â reduction in this MOE is observed in stage 3 compared to stage 2, but
increased compared to baseline and stage 1 data.

3th

Table 5.52. Delay at Fremont St.: 6 * St. to 8“ St.
Measures of
Effectiveness
(Mobility)
Average Pedestrian
Delay (sec/ped)

Baseline
Sample

Delay

716

9.79

Stage 1
Sample Delay
517

7.29

Stage 2
Sample
437

Stage 3

Delay Sample Delay
56.25

275

11.62

5.8.3. Statistical Analyses
5.8.3.1. Safety MOEs
The results of the statistical analyses are summarized in Table 5.53. They show that
there is no significant change in the percent of pedestrians who look for vehicles before
beginning to cross in stage 1 compared to baseline period. There is no significant
decrease in the percent of pedestrians trapped in the roadway and frequency of pedestrian
signal violation in stages 1 and 2 compared to the baseline results (P>0.05). The
implementation of pedestrian push button that confirm press in stage 3 has a significant
impact in increasing the percent of pedestrians who begin their crossing during WALK
phase (P<0.001), decreasing the frequency of pedestrian signal violation (P<0.001)
144
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compared to the baseline data. It is also observed that there is a significant increase in the
percent of signal cycles in which the call button has been pushed from stage 2 to stage 3
as shown in Table 5.54 (P<0.001). The percent of signal cycles in which call button has
been pushed increased significantly in stage 3 compared to stage 2. There is a significant
decrease in the percent of pedestrians trapped in the roadway and pedestrian signal
violation in stage 3 compared to stage 2.
From Table 5.55, it is clear that there is no significant increase in the percent of
drivers yielding to pedestrians in stage 1 compared to baseline (P>0.05). However, there
is a significant decrease in the percent of drivers blocking crosswalk (P=0.001).
Installation of in-roadway knockdown signs in stage 2 significantly increased the percent
of drivers yielding to pedestrians (P<0.001). There is no sufficient evidence to reject that
there is no significant decrease in the percent of drivers stopping/yielding at crosswalk,
and between crosswalk and stop bar in stage 2 compared to baseline conditions.
However, the decrease in the percent of drivers stopping/yielding between crosswalk and
stop bar in stage 2 compared to stage 1 is significant as shown in Table 5.56 (P<0.001).
The installation of pedestrian push button that confirm press in stage 3 has a significant
effect only in reducing the percent of drivers blocking the crosswalk compared to the
baseline (P=0.001), and stage 2 (P<0.05).
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Table 5.62. Statistical test results of safety MOEs for pedestrians at Fremont St.: 6*** St. to 8“
St.

Measures of Effectiveness
(Safety)

Baseline vs. Stage 1
Pb - P i

P-value

MOEs below are tested for Hg- Pbefi»e= Pat-er VS. Ha- Pafter > Pbefrxe
Percent of pedestrians who look for
No
vehicles before beginning to cross
change
Percent of pedestrians who begin their
crossing during WALK phase
MOEs below are tested for Hg: Pbefore= Pafter v s.
Pafter< Pbefore
Percent of pedestrians trapped in the
-0.009
>0.05
roadway
Frequency of pedestrian signal violation

0.02

>0.05

Baseline vs. Stage 2

Ho

Pn-Pz

P-value

Baseline vs. Stage 3

No
change
Do not
Reject
Do not
Reject

-0.77

<0.001

-0.02

>0.05

0.03

>0.05

P-value

Pb - P 3

Ho

Ho

No
Change
Reject
Do not
Reject
Do not
Reject

-0.69

<0.001

Reject

-0.003

>0.05

Do not
Reject

0.08

<0.001

Reject
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Table 5.63. Statistical test results of safety MOEs for motorist between stages at Fremont St.: 6 * St. to 83th
“ St.
Stage 1 vs. Stage 2
Measures of Effectiveness
(Safety)
Ho
P1- P 2 P-value
MOEs below are tested for Hq: Pbefore= Pafter vs. H,: Pafter > Pbefore
Percent of pedestrians who look for vehicles before
No
beginning to cross
Change
Percent of pedestrians who begin their crossing during
WALK phase
Percent signal cycles in which call button has been pushed
MOEs below are tested for H q: Pbefore= Pafter Vs. Ha: Pafter< Pbefore
Percent of pedestrians trapped in the roadway
-0.01
>0.05
Do not Reject
Frequency of pedestrian signal violation
Do not Reject
0.006
>0.05
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Stage 2 vs. Stage 3
P2 - P 3 P-value
Ho
No
Change
0.07

>0.05

-0.20

<0.001

Do not
Reject
Reject

0.01
0.05

<0.05
<0.05

Reject
Reject
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Table 5.55. Statistical test results of safety MOEs for motorists at Fremont St.: 6* St. to 8* St.
Measures of Effectiveness
(Safety)

Baseline vs. Stage 1
Pb - P i

MOEs below are tested for Hq: Pbefore= Pafler vs.
Percent of drivers yielding to pedestrians
0.23
Distance driver
Away from stop
stops/yields before
0.11
bar
crosswalk

P-value

Baseline vs. Stage 2

Baseline vs. Stage 3

Ho

Pn-Pz

P-value

Ho

Pn-Ps

P-value

Ho

>0.05

Do not Reject

-0.29

<0.001

Reject

-0.15

>0.05

Do not Reject

>0.05

Do not Reject

0.003

>0.05

Do not Reject

-0.01

>0.05

Do not Reject

0.12

>0.05

Do not Reject

0.14

>0.05

Do not Reject

-0.12

>0.05

Do not Reject

-0.12

>0.05

Do not Reject

-0.09

>0.05

Do not Reject

0.06

0.001

Reject

Patter > Pbefore

MOEs below are tested for Hg: Pbefore= Pafter v s. H^: Pafter< Pbefore
at crosswalk
0.64
<0.001
Reject
Distance driver
Between
stops/yields before
crosswalk and
-0.76
>0.05
Do not Reject
crosswalk
stop bar
Percent of drivers blocking crosswalk
0.001
Reject
0.06
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Table 5.56. Statistical significance of safety MOEs for motorist between stages at Fremont St.: 6 * St. to 8 * St.
CD

Q.

■CDD
C/)
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Measures of Effectiveness
(Safety)
MOEs below are tested for Hg: Pbefore= Pafter vs.
PgRn > Pbefore
Percent of drivers yielding to pedestrians
Distance driver stops/yields
away from stop bar
before crosswalk
MOEs below are tested for H q: Pbefore= Pafter v s.
Pafter< Pbefore
at
crosswalk
Distance driver stops/yields
before crosswalk
Between crosswalk and stop bar
Percent of drivers blocking crosswalk

Stage 1 vs. Stage 2
Ho
P1 - P 2 P-value

P2 - P3

Stage 2 vs. Stage 3
P-value
Ho

-0.53

<0.001

Reject

0.14

>0.05

Do not Reject

-0.11

>0.05

Do not Reject

-0.02

>0.05

Do not Reject

-0.52
0.63
-0.16

>0.05
<0.001
>0.05

Do not Reject
Reject
Do not Reject

0.02
0.002

>0.05
>0.05
<0.05

Do not Reject
Do not Reject
Reject
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0.16

5.8.3.2. Mobility MOEs
Results from Table 5.57 indicates that there is a significant decrease in the average
pedestrian delay in stage 1 compared to baseline data (P<0.001). There is no significant
reduction in pedestrian delay in any other stages compared with baseline as well as
comparison between stages as shown in Tables 5.57 and 5.58, respectively (P>0.05).
5.8.4. Summary
Installation of the countermeasures mentioned at this location has significant effect in
improving some of the pedestrian safety MOEs. The installation of the portable speed
trailer, in-roadway knockdown signs and pedestrian push button that confirm press has
significant impacts in increasing the percent of drivers yielding to pedestrians and
reducing the drivers blocking the crosswalk in one or the other stages at this location.
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Table 5.64. Statistical test results of mobility MOE at Fremont St.: 6 * St. to 8jth
“ St.
Baseline vs. Stage 1
Measures of Effectiveness
(Mobility)

8
c i'
3"

i3

MOEs bdow are tested for
Average Pedestrian Delay
(sec/ped)

Pb - P i

P-value

Baseline vs. Stage 2

Baseline vs. Stage 3

Ho

Pb - P z

P-value

Ho

Pa-Pa

P-value

Ho

Reject

^ .5

>0.05

Do not
Reject

-1.83

>0.05

Do not
Reject

vs, %
2.5

<0.001
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Table 5.65. Statistical test results of mobility MOE between stages at Fremont St.: 6 “ St. to 8* St.

CD

Stage 1 vs. Stage 2

■D

O
Q.
C
a
o

3
■D

O

Measures of Effectiveness (Mobility)

Pi-Pz

P-value

Ho

MOEs below are tested for Hq: Pbefore= Patter vs. H^: Pafter< Pbefore
Average Pedestrian Delay (sec/ped)
^ 9.0
>0.05
Do not Reject
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Stage 2 vs. Stage 3
P%- P3

P-value

Ho

44.60

>0.05

Do not Reject

CHAPTER 6

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
The summary of the research, conclusions, and recommendations derived in this
research are documented in this chapter. This was based on the analyses reported in
Chapters.

6.1. Summary
Data analyses of motorists’ and pedestrians’ behaviors for different safety
countermeasures indicate that most of these countermeasures improve both motorists’
and pedestrians’ behaviors. In most cases, the change in the measure of effectiveness
(MOEs) used to evaluate the countermeasures has showed significant improvement. The
after-study observations depending on the countermeasures deployed, show increased
yielding and stopping distances, more motorists yielding, less number of vehicles
blocking the crosswalk, fewer pedestrians trapped in the middle of the roadway,
increased number of pedestrians looking for vehicles before beginning to cross and
before crossing second half of the street, more number of captured and diverted
pedestrians, and few er signal violations. Therefore, these countermeasures prove to be

effective in enhancing pedestrian safety. Even though slower vehicle speeds are
observed, it is not statistically significant. The change in pedestrian and driver behaviors
does not depend directly on weather conditions or on geographic locations. Therefore, the
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results obtained from the study may be used in any part of the world with similar traffic
and demographic characteristics, to address pedestrian safety issues.

6.2. Conclusions
The conclusions for each of the deployed countermeasure installed at different stages
at various locations are discussed below.
6.2.1. Danish Offset
The installation of Danish offset at the intersection of Maryland Parkway and Dumont
Street appears to be an effective strategy to increasing the percent of diverted pedestrians,
decreasing the percent of pedestrians trapped in the roadway. There is no significant
increase in the percent of pedestrians who look for vehicles before beginning to cross and
before crossing second half of the street. On the other hand, the pedestrian delay does not
show any significant decrease as well. The Danish offset is installed at this location along
with median refuge and high visibility crosswalk. The installation of Danish offset at
Lake Mead Boulevard from Belmont Street to McCarran Street shows a significant effect
in increasing the percent of pedestrians who look for vehicles before crossing second half
of the street, percent of diverted pedestrians, and decreasing the percent of pedestrians
trapped in the roadway. The other countermeasures installed along with Danish offset at
this location include median refuge, high visibility crosswalk, advance yield markings
and “Yield Here to Pedestrian” signs.
6.2.2. Median Refuge / Refuge Island
The deployment of pedestrian refuge island at Harmon Avenue from Paradise Road to
Tropicana Wash illustrated a significant impact in increasing the percent of pedestrians
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who look for vehicles before beginning to cross and before crossing second half of the
street. A similar effect is also found at intersection of Maryland Parkway and Dumont
Street, and midblock location of Lake Mead Boulevard from Belmont Street to McCarran
Street. The median refuge at the midblock location of Harmon Avenue is installed along
with the high visibility crosswalk.
6.2.3. Advance Yield Markings and “Yield Here to Pedestrian” signs
The installation of advance yield markings and “Yield Here to Pedestrian” signs has a
significant effect in increasing motorists’ yielding behavior, decreasing pedestrians
trapped in the middle of the road. Consequently, pedestrians also wait less time before
crossing. The percent of diverted pedestrians increased significantly showing that this has
a very positive impact in pedestrian behavior. Vehicle speed is reduced in some locations.
All of these improvements are positive safety impacts of the installation of advance yield
markings, and “Yield Here to Pedestrian” signs.
6.2.4. High Visibility Crosswalk
The installation of high visibility crosswalk in most of the locations is significant in
increasing the percent of drivers yielding to pedestrians, percent of drivers yielding at a
greater distance before crosswalk and decreasing the percent of drivers blocking the
crosswalk. As is evident from the results from this study, the installation of high visibility
crosswalk in most of the locations increases the safety and mobility of pedestrians.
6.2.5. In-RoadWay Knockdown Signs
The in-roadWay knockdown signs are installed at 4 different sites in this research at
different stages. At Harmon Avenue, the installation of this countermeasure significantly
increase the percent of pedestrians who look for vehicles before beginning to cross.
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before crossing second half of the street, captured pedestrians, and significantly decrease
the percent of pedestrians trapped in the roadway. At Twain Avenue and Fremont Street,
the results indicate a significant increase in the percent of drivers yielding to pedestrians
after the installation of in-roadway knockdown signs.
6.2.6. Pedestrian Activated Flashing Yellow
The pedestrian activated flashing yellow installed at Maryland Parkway and Dumont
Street has significantly increased the percent of diverted pedestrians, and significantly
decreased the percent of pedestrians trapped in the roadway. There is a significant
increase in the drivers yielding distance from the crosswalk. It could be due to the drivers
being informed early and are more alert way before approaching the crosswalk by seeing
the flashing yellow light.
6.2.7. Pedestrian Countdown Signal with Animated Eyes
Results from the data show that the deployment of pedestrian countdown signal with
animated eyes has a significant effect in increasing the percent signal cycles in which call
button has been pushed, percent of pedestrians who look for vehicles before beginning to
cross, percent of pedestrians beginning their crossing during the WALK phase. There is
also a significant decrease in the percent of pedestrians in crosswalk at the end of all-red
phase.
6.2.8. Portable Speed Trailer
The portable speed trailer is deployed in two sites, Fremont Street from 6 * Street to
8* Street and Twain Avenue from Palos Verdes Street to Swenson Street. At Twain

Avenue, the results indicate that there is a significant increase in the percent of drivers
yielding to pedestrians after the installation of the portable speed trailer. Similar effect is
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also observed at the Fremont Street. The vehicle speeds decreased significantly in both
eastbound and westbound directions at Twain Avenue.
6.2.9. Pedestrian Button that confirm Press
The countermeasure is installed at Fremont Street from 6* Street to 8^ Street in stage
3. The data indicates that there is a significant increase in the percent of pedestrians who
begin their crossing during WALK phase and decrease in the frequency of pedestrian
signal violations. The result clearly shows the positive effect in improving pedestrian
behavior.
6.2.10. Intelligent Transportation System (ITS) based Pedestrian Detection device and
Smart Lighting
These countermeasures are installed at Charleston Boulevard from Spencer Street to
13* Street in stage 2. The effectiveness of these countermeasures is evaluated together.
These deployments result in a significance increase in the percent of drivers yielding to
pedestrians, and a significant decrease in the percent of pedestrians trapped in the
roadway and pedestrian delay. The countermeasures do not show any negative impact on
vehicle mobility in both eastbound and westbound directions.

6.3. Recommendations
This study showed that the effectiveness of several countermeasures in improving
pedestrian safety. This section identifies some drawbacks/limitations of the methodology
adopted and what improvements could be done for future studies. A detailed cost-benefit
analysis of the trade-off of pedestrian safety and mobility is a topic for further research.
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The summary of recommendations for each of the deployed countermeasure is discussed
next.
6.3.1. Danish Offset, Median Refuge, Advance Yield Markings and Yield Here to
Pedestrian Signs
There is a significant improvement in the safety MOEs related to pedestrians at most
of the locations installed with one or more of these countermeasures. The different
combinations of these MOEs are evaluated in this research. Further study should focus on
evaluating these countermeasures individually and with combinations other than the ones
evaluated in this research.
6.3.2. Pedestrian Countdown Signal with Animated Eyes
The pedestrian countdown signal with animated eyes is effective in improving
pedestrians’ crossing behavior on arterial streets. Further research is recommended to
evaluate the pedestrian crossing behavior when this countermeasure is installed on local
streets. The walking speed of pedestrians before and after the installation of the
countermeasure during the flashing DON’T WALK is another subject for further
research. Even though a higher percentage of pedestrians is observed in the crosswalk
during the flashing DON’T WALK during the study, pedestrians might speed up to avoid
the DON’T WALK signal. Further research is recommended to identify whether
pedestrians slow down their speed or not due to the installation of the pedestrian
countdown signals with animated eyes during the flashing DON’T WALK while crossing
the road.
Further research on speeding behavior of motorists before and after installation of the
pedestrian countdown signal is recommended. Speed observations with the conventional
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pedestrian signal head can be compared with the speed observations with the pedestrian
countdown signal head. Therefore, a before-and-after study might be beneficial to
evaluate motorists’ behavior to assess the effectiveness of a pedestrian countdown signal.
6.3.3. In-Roadway Knockdown Signs
There is a significant decrease in the percent of pedestrians trapped in the roadway,
pedestrian delay and increase in the percent of diverted pedestrians along Harmon
Avenue from Paradise Road to Tropicana Wash after the installation of in-roadway
knockdown signs. One of the observations along Bonanza Road is that the pedestrians
who are waiting to cross are loitering longer along the side of the street before crossing.
Pedestrians in other locations within the Las Vegas metropolitan area may not have the
same behavior. The study in this corridor mainly focus at the midblock location, this sign
might have an effect on the corridor as a whole. Therefore, further evaluation of this sign
is recommended at other locations within the Las Vegas metropolitan area, such as,
nearby shopping complexes and residential area.
6.3.4. Portable Speed Trailer
The portable speed trailer is an effective strategy in reducing the vehicle speeds on
the upstream of the installed locations. Therefore, a similar speed trailer can be placed
frequently at different locations along the high-risk corridor to reduce speeds of the
vehicles and to improve safety. Comparison of the effectiveness of portable speed trailer
in daytime and nighttime is recommended for the future studies.
6.3.5. Pedestrian Activated Flashing Yellow
The implementation of pedestrian activated flashing yellow shows a significant
decrease in the percent of drivers blocking crosswalk at the intersection of Maryland
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Parkway and Dümont Street. Since this research implemented this countermeasure at one
site, further research is needed at more locations to evaluate its effectiveness. The impact
of this countermeasure on the coordinated corridor is another challenging task worth
investigating.
6.3.6. ITS Pedestrian Detection Device and Smart Lighting
The installation of these countermeasures at Charleston Boulevard from Spencer Street
to 13* Street shows a significant impact in increasing the percent of diverted pedestrians
and drivers yielding to pedestrians, decreasing the percent of pedestrians trapped in the
roadway and pedestrian delay. The findings presented in this thesis will be beneficial for
agencies considering the installation of ITS pedestrian detection device and smart
lighting. Further research is recommended for evaluating the effectiveness of these
countermeasures on other locations with different traffic, pedestrian and roadway
conditions.
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Table 7.66. Period in which the data was collected
Locations/Sites
1. Maryland Parkway / Dumont Street
2. Harmon Avenue: Paradise Road to Tropicana Wash
3. Flamingo Road / Koval Lane
4. Bonanza Road: D Street to F Street
5. Twain Avenue: Palos Verde to Swenson Street
6 . Lake Mead Boulevard: Belmont Street to McCarran Street
7. Fremont Street: 8* Street to 6* Street
8 . Charleston Boulevard: Spencer Street to 17* Street

Baseline
July 2003
July 2003
May 2005
June 2005
June 2005
Sep 2005
June 2005

Stage 1
Oct-Nov 2006
Mar 2007
Feb 2006
Sep 2005
Dee 2005
Feb-Mar 2006

Stage 2
Nov-Dee 2006
Mar 2007
Oct 2007
Sep 2007
Oct 2006

Stage 3
Mar-Apr 2007
Apr 2007

-

-

Feb 2006

Dec 2006

NA

Jul-Aug 2005

Sep 2005

Feb 2007

-

NA= not applicable, - means not installed yet
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-

-

NA
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